Reviewer: Kathleen Young, Ph.D. NDA No. 22-304

ELECTROCARDIOGRAMS SUMMARY

WEEX 1
MALES
aroue 1 GROUP 2 GROUP 3 GROUP 4
0 MG/RG 10 Maskg 35 MGIKRG 120, 80 MG/XG
HEART RATE (bpz)
Bufore MEAN 1138 98 1138 122
dosing ST.DEV. 20 .1 37 28
] [ ] L §
1h after MBAN 105 103 518 i1z
dosing ST.DRV. 22 13 26 : 33
N [ 4 4 6
P AMRLITUDE (mV)
aafoxe HEAN 0.23 Q.13 0.21 0.27
doaing ST.DEV. 0.05 .93 0.11 0.06
N 13 L q &
1k after HBAN 0.28 0.2¢ 0.29 .28
dosing 8T .DRY. Q.08 0.q8 0.12 8. 0B
N [ E] 4 5
P DURATIOR (ma)
Brfore MEAN 40 40 40 10
dosing 8T.DEY. a M) ¢ 9
N & 4 4 &
ih after MEAN 40 4 40 10
dosing 87.DEV. Q o ] 0
N -] 4 4 1
P-Q INTERVAL (ma}
Before MEXN a2 84 1) 45
dosing £T.0RY, 7 24 1s 14
’ b 6 4 4 6
1k after MBAN az 8y | a8 3%
desing ST.DRV. 8 13 15 22
N 6 4 4 5
QRS INTERVAL (ma)
Hefore MEAN 40 40 4¢ 4¢
QApsing ST.DRV. ] ] o e
. 13 4 4 13
1h after MEARN 40 49 40 40
doring ST.DEV. 0 3 [¢] o
N 6 4 4 6
Q-T INTERVAL (ms}
Betore MEAN 130 191 198 1y
doaing ST.DRV. 9 10 5 15
X 6 ’ 4 4 3
1% afrer MEAN 198 195 199 215 ¢
dosing ST.DBY. 12 0 % 31
] , & 4 4 H

sf**: Dunnett-test hased cn pooled variance sig. ar 5% or Ik lavel.

= i TelEstoaignifizant st %4 or 14 lewel; befirs uwm, ufter Trsing.
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Reviewer: Kathleen Young, Ph.D. NDA No. 22-304

ELECTROCARDIOGRAMS SUMMARY

WEEK 1
FEMALES
GROUP 1 GROLP 2 SROUP 3 GROU? 4
0 NG/KG 10 MGSRE 35 MG/AS 120, B4 MG/KS

HRART RATE {bpm)
Before MEAN 138 130 105 117
dosing S$T.DRV. 43 18 25 . 25

N 6 1 4 &
1h after NEAN 123 123 108 108
dosing ST.DEV, is 13 30 13

b 3 [ 1 4 5
P RMPLITUDE (mW]}
Batoras HEAN ©.29 0.25 0.122 0.22
dosing ST.DEV. ©.09 0.06 0.06 3.07

N 6 3 4 &
1h aftexr HRAN 0.29 0.2} 0.2 5.25
dosing ST.DRV. 0.11 0.03 0.05 Gt

N 13 4 4 1
P DURATION (ma)
Betore MEAN 43 10 40 42
9nning BT.DEV. 5 0 0 4

N 1 L] 4 &
ih after MBAN 42 40 40 43
dosing ST.DEV. 4 0 ] 3

N 3 [ 4 §
P-Q INTERVAL (ms)
Before MEAN 86 13 88 94
dosing ST.DEV. ] 13 10 12

N & 4 4 8
1h after MEAN as 86 89 104
dosing ST.DRV. 9 5 11 13

N 13 [] 4 &
CRS INTERVAL {ms)
Before MEAN 40 40 40 40 -
dosing aT.0RV. ] o ] o

N 6 q 4 [
1h after MEAN 40 40 40 L3
dosing ST.DRYV. 4] 0 ¢ b

N [ 4 4 &
Q»T INTERVAL {(ms}
Beifore MEAN 187 184 203 132
dosing ST.DBRV. 16 5 5 is

] & L} q 6
lh after MEAN 184 155 210 237 e -
douing ST.DBV. 18 10 p¥:] 15

N § L] 4 5

*/*v: Dunnett-test baged on pooled variance sig. at 5% or 1% level.

T ogignilfizant &t 8% 9: it level: befsre we. afrer ussing.
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ELECTROCARDIOGRAMS SUMMARY

WEEK 13 -
MALES
GROUP 1 GROUP 2 GROUP 3 GROUE 4
8 MG/XG 10 MG/RS 15 MG/XQ 120, 84 MG/K

HEART RATE [(bpm)
Before MEAN 95 28 110, 133
das tag §T.DEV, 14 17 26 16

X & L] . 4 %
1h atter NERN 95 120 105 11¢
dosing © S7.DBV. 10 14 24 a8

N 6 L] 4 4
P AMPLITUDE {mV)
Defore MEAN 0.18 D.1% ¢.23 6.31
dosing 5T.08V. 0.05 0.08 .10 0.03

N 6 4 4 4
1L after MEAN 0.13 .19 G.25 $.25
dosing &1.DR, 0.¢5 0.08 .18 0.67

¥ .6 4 4 4
P DUBRATION (ma)
Bafore MEAN 40 0 43 43
dozing 5T.DRY. [} o] 3 s

¥ ] q 4 4
ik after NRAN 40 40 43 45
dosing 87 ,DEV, ] o -5 5

¥ é 4 4 4
P-Q INTERVAL (ma)
Sefore MEAN 87 84 90 78
dosing ST.DRY. 1% 13 15 5

N 6 q 4 4
ih afrer MEAN -1 83 33 33
dosing $T.DEV. 9 12 s 13

N [ 4 4 4
QRS INTERVAL (ms)
Befora KEAN 4C 40 40 48
dosing 8T.DEV. 4 1] o ¢

N 6 4 4 4
1h atter MBAN 4Q 40 40 40
doaing ST.DREV. [ 0 4] -4

N € 4 4 4
Q-7 INTERVAL (mnm) _
Bufore MEAN 202 208 293 195 »
docsing gY.0BV. 11 15 13 1¢

N B q 4 4
1h atter KEAN 205 205 213 210 =
dosing ST.DEV. 10 0 15 12

] € ] 4 4

Dunnett-test based on pooled variance sig. at 5% or 1% level,
+ot-zzst ozignzfccant an S ooz it level; Defloe we. aefti: inzuing.
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Reviewer: Kathleen Young, Ph.D. NDA No. 22-304
ELECTROCARDIOGRAMS SUMMARY
WEEK 13
FEMALES .
GROUP 1 GROUF 2 SROUP 3 GROUP 1
& MA/KG 10 NG/KG 35 NG/KG 126, B0 NG/XG

HEART RATZ (bpm)
Bafore MBAN 130 135 1as 108
dosing ST.DBV. 38 26 a9 F1

N € 4 4 6
1k after MBAN 123 133 923 205
doging 5T.DRV. 27 12 21 19

N [ 4 4 6
P ANMPLITUDE (mV)
Bafore MEAN 0.27 0,29 a.25 8.22
dosing 8T .DEV. Q.08 0.13 a,02 0.04

N 6 4 4 6
ih after MBAN a.28 2.28 0.23 0.23
dosing ST.DEV. 0.07 0.09 0.03 0.04

N 6 . 4
? DURATION {(mm)
Bufore MEAN 43 40 43 43
dosing ST.DRV. 5 o 5 5

1 8 4 4 6
1k after MEBAN 43 30 43 43
dasing ST.DEV. s ¢ 5 5

N § 4 L} 6
P-Q INTEBRVAL (ma)-
Before | FEAN B8 94 94 °5
Qosing ST.DEV. 9 ] 11 12

w 3 4 4 3
1L afzer MEAN 88 95 98 94
dosing 8T.DEV. 9 5 13 13

K 6 4 4 6
QRS INTERVAL (ms)
Before | MBAM 40 40 o 40
dosing ST.DEV. 0 o a ]

)3 6 4 4 [
1ih aftrex EEAN 10 40 40 40
dosing §T.DEV. ] q g 0

N 6 4 4 5
Q-T INTBRVAL {mws)
Before NEAR 183 186 195 200
dosing $T.DEV. 15 8 [ is

N [ 4 4 [
1h after NEAN i88 193 220 v 2312
dos ing S7.08V. 13 26 14 18

N [ 4 4 [

F**: Dunnetf-tes: based on pooled variance sia. a%t S% or 1% level,

TRIT Fiynllizan:

[a3¢
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Reviewer: Kathleen Young, Ph.D. NDA No. 22-304

ELECTROCARDIOGRAMS (Q-T CORRECTED) SUMMARY
PRETEST .

MALES
GROUP 1 GROVP 2 GROUS 3 GROUF ¢
0 MG/ED 10 MG/EG 35 NG/XG 120, BD MG/XG
Van de Water'as correction
Pratest HEAN 227 223 230 2323
ST.DEV, 15 ? 8 8
Y 3 4 4 6
Pridericia’a corvection
Pratest HEAN 231 222 233 228
$T.DEV. 17 8 11 ]
N 1 4 4 5

ELECTROCARDIOGRAMS (Q-T CORRECTED) SUMMARY
PRETEST

FEMALES
GROUP 1 croue 2 GROUP 3 Grou? 4
0 MG/XG 10 NG/ES 35 MG/XG 120. BO MG/KG
van de Water's correction
Pretesc MEAN 225 28 230 227
ST.DRY. - 9 1 3
n 6 3 4 [
Fridericia‘s correction
Pretes: MEAN 231 235 232 i3
ST.DEV, 20 14 5 7
® 6 4 3 6-

APPEARS THis W
AY
ON ORIGINAL
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Reviewer: Kathleen Young, Ph.D. NDA No. 22-304

Sé%%T?OCARDIOGRAMS (Q-T CORRECTED) SUMMARY

MALES
GROVP } GROYP 2 GROUP 3 GROU? 4
o MC/RG 10 MG/RG 35 MG/xQ 120, BS MG/X3
Van de Watex's correction
Befoxe HEAN 132 228 240 237
cosing ST.DEV. B 8 4 1z
N 8 4 4 6
1n after MBAR 234 231 240 254 v
dosing ST.DRV. 10 5 9 i
X & 4 4 [3
?xridericia‘as correction
Before WEAN 237 226 247 213
dosing 9% .bEV. 12 9 7 18
k. $ 4 4 5
15 after MRAW 234 21 247 264
dosing ST.DEV, 13 5 15 22
) 1 4 4 &

5§§§T§OCARDIOGRAMS (Q-T CORRECTED) SUMMARY

GROUP 1 GROULP 2 ‘ GRO‘JI; 3 SROUF 3
0 MG/KG 10 MG/XG 35 MG/KG 120, BD MG/®G
Van de Water's correction
Befcre MEARN 233 231 238 232
desing 8T.DRV. 13 3 B 11
N [ 4 4 5
ith after BEAN 225 243 246 » 275 v ¢
dosing ST.DBY. 1 13 -13 3
R [ 4 4 ]
Pridericia’'p correction
Betore MEBAN " 243 238 143 230
dosing 8T.DEV. 20 15 15 1€
N § 4 4 6
ibh after MEAM 230 257 253 . 287 v+ .2
dosiny ST.DEV. 13 18 16 14
1 & 4 4 6
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Reviewer: Kathleen Young, Ph.D.

ELECT%?CARDIOGRAMS (Q-T

WEEK
MALES

CORRECTED) SUMMARY

NDA No. 22-304

GROUP 1 GROUP 2 GROUP 3 GROUP 3
0 NG/KG 10 MG/RG 35 MG/KG 125, 80 MG/RS
Van de Water's correction
Before MEAN 238 233 240 230
dosing ST.DEV. 10 [} 4 15
& 4 4 4
i1h atter MEAR 237 232 248 243
dosing ST.DEV. 8 3 12 5
N 5 i q 4
Pridericia's corraction
Bstore NEAN 240 234 246 239
dosing ST.DEV. 12 H) 8 26
N 6 4 4 4
1h afrer MEAN 2398 242 254 256 »
dosing §T.DBV. 10 4 16 $
N 6 4 4 4
“/*¢: Dunnett-test based on pooled variance aig. ar 5% or 1% lavel,
a.g: tetesT agrifigent at $v ox it levelr mefore wr, afier dosing.
ELECTROCARDIOGRAMS (Q-T CORRECTED) SUMMARY
WEEK 13 '
FEMALES
GROUP 1 GROUF 2 GROUP 3 GRCLF 4
¢ uG/KG 10 NG/XQ 35 MG/XG 120, 8C MG/RC
Van de Watar’'s correction
Bafora MBAY 227 234 228 235
dosing ST.DEV. 8 3 13 11
N & 4 4 &
th after MBAN 231 . 239 245 248
dosing ST.-DEV. 10 19 14 13
N & ] ] €
Pridarizia’s correetion
Before MRAN 234 243 232 243
dosing ST.DEV. 11 ] 22 14
N [ L1 4 3
1n after MRAN 233 249 253 254
coaing ST.DEY. 14 it 19 14
n § L] 4 5

#7244 punnett-test based aon pooled variance mig. at 5% or 1= level.

hoefore ws,

LT )

142

alter

cising.



Reviewer: Kathleen Young, Ph.D. NDA No. 22-304

ELECTROCARDIOGRAMS (Q-T CORRECTED) SUMMARY
AFTER RECOVERY

MALES
GROUP 1 GROUP 4
D MG/RG 128, 89 MG/RG
Van de Water's corxrection
Hecovery MBAN . 229 244
ST.DEV. [} -
N 2 1
Fridericia's corrsckion
Recovery MEAN 229 252
ST.DEV. 0 -
N 2 1

ELECTROCARDIOGRAMS (Q-T CORRECTED) SUMMARY
AFTER RECOVERY

FEMALES
" ¢cROUP 1 GROUP 4
0 ¥MG/KG 120, 8¢ MG/XG
Vvan de Water's correction
Recovery MEAN 244 241
ST.DRV. 12 13
R 2 2
inderu:u 5 correcktion
Recovery MEAN 254 255
ST.DRV. 24 15
» 2 2

Hematology: Slight {red blood cell count, hematocrit and hemoglobin in HD M (120/80
mg/kg/day) compared to controls (not significant, as the pre-test values in the HD '
animals were higher than in control pre-test values) in Weeks 6 and 13, higher in Week
13; no treatment-related findings after 4-week recovery.

Clinical chemistry: Slight Tsodium compared to baseline in HDM and HDF in Weeks 6
and 13, with minimal increases at the MD in Week 13; no associated changes in
electrolytes, no treatment-related findings after the 4-week recovery period.

Urinalysis: No treatment-related effects.

Gross pathology: No treatment-related effects. 2 HD M that died or were sacrificed
during the study (No.s 18 and 20) showed dark red thymus and jejunum discoloration,
associated with acute congestion/hemorrhages commonly found in ammals found dead or
incompletely exsanguinated.
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Reviewer: Kathleen Young, Ph.D. NDA No. 22-304

Organ weights: No freatment-related effects, as all differences from controls were
within range of normal biologic variation.

Histopathoelogy:
¢ fIncidence and severity of thymic atrophy _
o Several M given 35 (2/4) and 120/80 (3/4) mg/kg/day, vs. 2/4 in the
controls and 1/4 in the LD male dogs
o Mean severity 1.0, 1.0, 3.0, and 2.3 in the control, LD, MD, and HD dogs,
respectively (scale of 0-4 with increasing severity)
o Possibly associated to treatment-induced stress response
¢ 1Incidence of chronic inflammation of the prostate
o Several M given 35 (4/4) and 120/80 (4/4) mg/kg/day, compared to
finding in 2/4 controls and 1/4 LD M
o No treatment-related effects on severity: mean severity 2.5, 1.0, 2.0, and
2.3 in the control, LD, MD, and HD dogs, respectively (scale 0-4)
o Probably not a direct treatment effect, but due to poor general health
condition, also common in sexually mature M dogs
* tIncidence and severity of adrenal corticocellular hypertrophy
o M given 35 (2/4) and 120/80 (4/4) mg/kg/day, vs. 1/4 in the controls
o No treatment-related effects in the MD and HD F
o within normal range of biological variation
o without correlation to-adrenal weight in the affected animals
» - No histopathology findings in the 4-week recovery animals

The notable histopathology findings are presented in the following table:

Daily Dose (mg/kg) 9 (Control) 10 is 120:80

Number of Animals A0 4F M 4F EI S 4E a 45
Thymus = athrophy 2 1 1 0 2 2 3 0
Prostate gland ~ chrenic inflanmation 2 nd. 1 ad, 4 n.d. 4 nd.

n.d. = not determined.

Toxicokinetics: Test article exposure was demonstrated in all treated dogs, with high
intra-individual variability in plasma concentrations, particularly at the HD. There was a
greater than dose-proportional increase in plasma concentrations. Peak plasma
tapentadol concentrations observed at approximately 0.5-1 h after dosing. The results of
the toxicokinetic evaluation are presented in the following table (provided from the
original NDA submission):

A
ARS THIS W
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Reviewer: Kathleen Young, Ph.D.

NDA No. 22-304

Table A: Mean Cnax and AUCq values of CG5503 base
Dose Time Cmax ¥ S.D. Cmax* S.D. AUCp12S.D. | AUCpsS.D.
CG5503 [h] “[ng/mi] [ng/mi} [h-ng/mi} [h-ng/mi}
[mg/kg]
male female male female
day 1 13.7+ 126 | 101+ 3.22 309+ 167 175+ 3.85
10
day91 | 419+ 119 | 442 1.34 189 3.31 171 2.98
35 day 1 269+ 136 434110 64._9 + 229 866+ 7.25
day 91 371+ 191 405+ 111 101+ 14.2 110+ 423
120780 day 1 701+ 1192 245 + 205 846 + 1089 513+ 253
day 91 316+ 382 338 + 534 491 + 447 511 = 469

1) The dose had to be reduced from 120 mg/kg to 80 mglkg starting with day 22

Other: Evaluation of hepatic microsomal enzymes showed significant induction of
aminopyrine N-demethylase activity in M and F. Also, glucuronyltransferase activity
was inhibited in the M. There were no treatment-related effects on O-deethylase activity.
The results of the enzyme activity analyses are presented in the following tables
(provided from the original NDA submission):

The mean (+ S.D.) P450 contents and enzyme activities in male dogs were:

Dose P450 ECOD AND GT
[mg/kgl [pmol/mgl [pkat/myg] {pkat/mg] [pkat/mg]
Control 564 + 39 32454 31x15 1765+x04
120 475+ 87 25033 402+14 13217
Induction [%] 84 77 129 75
ANOVA p-values | not significant | not significant 0.001 0.012

Induction is expressed as 120 mglkg vs. contral ratio

The mean P450 contents and enzyme activities in female dogs were:

|Dose P450 " ECOD AND GT
[mg/kg] [pmol/mg] [pkat‘mg] ipkat/mg] fpkat/mg]
Control 443 £ 47 328110 33769 1h7x10
120 566 + 81 5182141 557 +10.9 149+33
Induction [%] 128 158 165 85
ANOVA p-values | not significant | not significant 0.042 - not significant

Induction is expressed as 120 mgtkg vs. control ratio



Reviewer: Kathleen Young, Ph.D. NDA No. 22-304

Study title: CG5503: 52-Week Oral (Gavage) Toxicity Study in the Dog

Key study findings:

The target organs were the CNS and cardiovascular system
Convulsions at the HD in 2 F (80 mg/kg/d, exposure slightly less than that at the
clinical MRHD on an AUC basis, and approximately 2 times the exposure on a
Cmax basis)

o Resulted in sacrifice in extremis in one of the dogs

o Known effect of opioid receptor agonists

o Reversal by naloxone suppor‘ts relationship to opioid pharmacologxcal

effect
o Not observed after the recovery period

QT, including OTec (Fridericia’s and Van de Water’s corrections)

prolongation at the HD

o Observed throughout the study in nearly all of the HD M and F

o Reversible; not observed after the 4-week recovery period
Slight, minimal decrease in partial thromboplastin time in the HD M and-F
throughout the treatment period, not reversible (observed at end of recovery)
Slight increase in plasma sodium at the HD, compared to controls but not to
baseline measurements, and with no associated changes in other electrolytes
Minimal to glight focal gliosis with perivascular mononuclear cell infiltration
in the medulla oblongata and/or ponsin 1 HD Fandin2 MD F and 1 MD M,
without relationship to convulsions and considered to be spontaneous, in
agreement with the pathologist
No treatment-related effects on P450 content; however, dose-related increases in
O-deethylase activity were observed in F and dose-related increases in N-
demethylase activity were observed in M and F. 2-aminophenol
glucuronyltransferase activity was decreased in MandF,
The NOAEL was 10 mg/kg/day
The systemic exposure to the parent drug at the NOAEL (AUC = 23.3 mcg.h/ml
in the males and 16.6 mcg.h/ml in the females) represented approximately 0.05
times the clinical exposure (=500 ng.h/ml) at the MRHD of 600 mg/day.
The peak plasma tapentadol concentrations (Cmax) at the NOAEL (6.8 mcg/L in
M and 6.3 mcg/L in F) represented approximately 0.06 times the Cmax (= 118
ng/ml) at the MRHD of 600 mg/day.
Exposure to the O-glucuronide metabolite at the NOAEL represented
approximately 1.5 times the clinical exposure at the MRHD, AUC basis

o Demonstrates lower metabolic transformation to the glucuronide in dog,

when compared to rat which showed considerably higher glucuronide
exposures

Study no.: TP2441
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Reviewer; Kathleen Young, Ph.D. NDA No. 22-304

Conducting laboratory and location: - ) ) 7 -~
C g
C - B . R = - ’:S ° . , . : T . ‘

Date of study initiation: June 10, 2002

GLP compliance: Yes

QA report: yes (x)no( )

Drug tapentadol (here also referred to as BN200 and/or CG5503), lot # (Batch
CEWS112, and % purity: 98.3%

Methods

Doses: 0, 10, 30, and 80 mg/kg/day; the doses were selected based on the results
of the 13-week study in Beagle dogs (See Study TP2415). The animal allocations are
presented in the following table (provided from the original NDA submission):

Group 1 Group 2 Group 3 Group 4
Dose Level
. - 0mglkg/day 10 mglkgiday 30 mgfkg/day 80 mglkg/day
Male Numbers 1-6 7-10 11-14 15-20
Female Numbers 21-26 27-30 31-34 35-40

Dose levels are expressed in terms of the material as supplied

Animal Nos. 5, 6, 19, 20, 25, 26, 38 and 39 in Groups 1 and 4 were allocated to a 4-week
recovery period following the treatment period.

Species/strain: Pure-bred Beagle dogs :)vaccinated b‘4)
against distemper, leptospirosis, parainfluenza, contagious hepatitis, bordetella, canine
papilloma virus, rabies and parvovirus)
Number/sex/group or time point (main study): 4/sex/dose
Route, formulation, volume, and infusion rate: The test article was dissolved
in tap water, and administered by oral gavage at 2 ml/kg, once daily. Dose formulations
were analyzed using triplicate samples (2 ml/sample) on Day 1 and during Weeks 6, 26,
32,45, and 52.
Satellite groups used for toxicokinetics or recovery: 2 additional dogs/sex/dose
controls and HD for 4-week evaluation of reversibility
Age: 6-8 months
Weight: 7.7-11.7 kg
Unique study design or methodology: The dogs were housed in group pens,
although separated during feeding and observations, and were fed 350 g/day pelleted b(4)
standardy” - :\dog maintenance diet at 1h after dosing. The feed was removed
from access after 3 hours. Tap drinking water was provided ad libitum. Microsomes
were prepared from the livers of 3 males and females in the groups administered 0, 30,
and 80 mg/kg/day CG5503, for analysis of P450 content, and N-dealkylation, O-
dealkylation, and glucuronyltransferase activities.
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Observation times:

Mortality: Twice daily.

Clinical signs: Twice daily.

Body weights: Baseline and once weekly.

Food consumption: Baseline and once daily.

Ophthalmoscepy: Baseline, during Dosing Weeks 13, 25, 39, and 52, Recovery Week 5.

EKG: Before dosing and at 1 hour post dose at baseline and during Dosing Weeks 1, 13,
25,39, and 51, and Recovery Week 5.

Hematology: Blood samples collected from the jugular vein at baseline and during
Weeks 6, 13, 25, 39, 52 and recovery Week 5, from all fasted-overnight animals;
standard parameters were evaluated.

Clinical chemistry: Blood samples collected from the jugular vein at baseline and
during Weeks 6, 13, 25, 39, 52 and recovery Week 5, from all fasted-overnight animals;
standard parameters were evaluated.

Urinalysis: Urine was collected using a catheter from all dogs during Weeks 6, 13, 25,
39, 52 and recovery Week 5; standard parameters were evaluated. .

Gross pathology: All animals were examined, including decedents. The surviving dogs
were examined after 52 weeks treatment and 4 weeks recovery.

Organ weights: The following organs were weighed, from all dogs at necropsy: adrenal
glands, brain (including brainstem), heart, kidneys, liver, ovaries, pituitary gland, prostate
gland, spleen, testes with epididymides, thymus, thyroid gland with parathyroid and
uterus.

Histopathology: Adequate Battery: yes (x), no ()

Peer review: yes (), ng (x) _ b(4)
Principal Investigator:(__

The following organs and tissues were examined microscopically: adrenal glands, aorta,
bone (femur with articular surface), bone marrow (sternum), brain (including
medulla/pons, cerebral and cerebellar cortex), epididymides (fixed in Bouin’s solution),
esophagus, eyes (with optic nerve, Heidenhains’s Susa solution), female mammary gland
area, male mammary gland area, gallbladder, heart, kidneys with ureters, large intestine
(cecum, colon, rectum), larynx, liver, lungs (with bronchi and bronchioles, infused with
formalin), lymph nodes (retropharyngeal, mesenteric), ovaries, pancreas, Peyer’s patches,
pituitary gland, prostate gland, salivary glands (mandibular, parotid, sublingual), sciatic
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nerve, skeletal muscle, skin, small intestine (duodenum, jejunum, ileum), spinal cord
(cervical, mid-thoracic, lumbar), spleen, stomach, testes (fixed in Bouin’s solution),

thymus, thyroid gland including parathyroid gland, tongue, trachea, urinary bladder,

uterus with cervix and oviducts, vagina and all gross lesions.

Toxicokinetics: Blood samples (4 ml from the jugular vein) were collected on Day 1 and
in Weeks 26, 39, and 52, at 0.5, 1, 3, 6, 8, 12, and 24 hours after dosing

Other: Liver samples collected from all dogs at necropsy, for enzyme activity analysis.

Results:

Mortality: There was one death in a HD F (#40), which was sacrificed in extremis on
Study Day 12 following observations of convulsions on 2 days (Days 4 and 12).

Clinical signs:
¢ Convulsions were observed in 2 HD (80 mg/kg/day) F
.o Days 4 and 12, 30 minutes after dosing in dog #40
= resulting in sacrifice in extremis )
= dosing stopped from Days 5-7, resumed on Day 8
* no abnormal necropsy findings in this dog
o Days 178, 308, 316, 344, 345, and 358, starting 20-30 minutes after
dosing, and lasting 5 hours in dog #37
o Convulsions accompanied by paddling movements, muscle twitching,
 tremor, recumbency and decreased activity with deep respiration.
o Reversed by naloxone administration
e Decreased activity and salivation daily throughout study at 30 and 80 mg/kg/day
* Frequent recumbency, vomiting, and tremor, and occasional whimpering at 30
and 80 mg/kg/day
¢ Fearfulness, occasionally at 80 mg/kg/day
e Clinical signs started at 15-30 minutes after dosing and lasted up to 5 hours.

The treatment-related clinical signs during the study are summarized in the following
table (provided from the original NDA submission): '

Daily dose (ingrkg) 0 (Contyet; 10 30 80
Number of Animals o SE e 4E N JE &M 33
Clinical Observations

Convulsions - - - - - - - -
Decreased activity - - - - = + + -
Salivatien - - - - - R ——r—t e
Tremer . - - - - = R - -
Fearful - - - - . - - -
Recumbency - Yes Yes Yey Yes
Vomiting - Yes Yes Yes Yes Yes Yes Yes
Feces containing mucs Yes Yes Yes Yes Yes Yes Yes Yes

- = No noteworthy findings, + = Mild, —+ = Moderate, —++ = Marked
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Body weights: Slight reduction in BW (-0.2 to -0.8 kg) at 80 mg/kg/day during first 2
study weeks. Body weights reduced in F at 10 (-1.0%), 30 (-4.0%), and 80 (-4.0%)
mg/kg/day compared to controls, at end of study. The body weight evaluation results are
presented in the following table (provided from the original NDA submission):

Daily dese (mg/kg) 0 (Conteol) 10 30 &0
Number of animals M §E . A 4F af 4F &M SF
Body weight (kg*) 10.7 98 +5.6 -10 0 X +0.9 -4.0

a) at the end of dosing period. For controls, means are shown. For treated groups, perceniage differences from controls are shown. !

Food consumption;: Slight reduction in food consumption at the highest dose during the
first 2 weeks of the study (-11% to -23% in M and -9% to -11% in F). At the end of the
study, food consumption was reduced in the HD M and HD F, compared to controls. The
results of the food consumption measurements are presented in the following table
(provided from the original NDA submission): :

_ Daily dose (mg/kg) Q.(Control} 10 E) g0
Number of animals o™ SE M 4 N 3 & g
Food consumption (g/animaldayy 330 295 0 2.4 [} B 25 ) 16 =54

a) at the end of dosing period. For conirols, means are shown. For treated groups, percentage differences from controls are shown.

Ophthalmoscopy: There were no treatment-related effects.

EKG: Dose-related prolonged QT
e beginning at 1 hour after dosing in almost all HD animals
e observed throughout the study
e increased corrected QTc interval values at the HD (80 mg/kg/day), suggesting QT
prolongation effect not related to heart rate fluctuations
reversible, no treatment-related effects during and after the recovery period.
¢ o other treatment-related effects in the ECG evaluation

The results of the EKG observations for QT interval (in ms., +S.D.) are presented in the
following tables (provided from the original NDA submission):

QT Interval Observation Summary: Males

GROUP 1 GRODP 2 GROUP ) GROVUP 4

9 KG/XG 10 MG/XG 30 MG/KG a0 MG/XG
Pretest
Q-T INTBRVAL (is)
Pratest HEAN 192 208 201 iso
8T.DEV. 15 10 S 13
N [ 4 4 &
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Van de Nater's corkection

Pretest MEAN | 24 244 245 238
8T.DRV. 11 7 € 8
N 6 4 L] 6

¥ridericia‘s correction

Pretest KEAN 23% 253 253 M5
. ST.DEV. 14 12 s 1
n 6 L] 4 [
Week 1
Q-T INTERVAL (ma)
Befoxre HEAN 188 . 203 200 187
Aoaing 87.DBV, 1§ 13 a 20
N 6 4 4 6
1h aftar MNEAN 155 210 208 218
doaing ST.DEV. 20 14 15 28
» 6 4 4 6

Van de Nater’s correation

Bafore HEAR 334 240 246 237
doaing 8T.DRY. 4 7 10 &
n L3 4 4 &
1h after WEAN 239 238 : 243 354
dosing S¥.DRV. 14 1¢ 4 1?
" [3 4 4 [

¥ridexicia‘s correction

Bafora HEAN 242 248 150 249
dosing 8T.0RV. 18 11 14 1
)] 6 4 4 &
1h atter MEAN 248 242 248 259
dosing ET.DEV. 12 17 5 18
N [ £ L] . L1
Week 13
Q-T INTERVAL (ma)
Bafore MEAN . 197 195 2n 92
doaing 5T.DEV. 4 - 2% . bY.] 29
4 1 4 L 8
ih after nEA 203 203 210 ’ 220
dosing 5T.08V, 8 31 12 20
» 6 4 1 6

APPEARS THIS way
ON ORIGINAL
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van de Water's corrsction

Bafors MEMN 232 a3a 236 241
doning ST.DRV. L 4 10 18
N ) 4 4 €
1h afrer MRAN 32 234 237 254 *
doaing ST.DRV. 10 15 7 14
R 8 . 4 L 8
rridericia‘’s correction
— ceceramsmcsacscanmaanny
Defore MEAN 235 236 240 247
doning ST.DEV. § 12 17 14
N ] 1 4 &
ih after MEAN 234 37 239 259 »
dosing 8§1.DBY. 15 13 20 15
N ] § 4 L) 5
Week 25
G-T INTERVAL (ini)
Ssfore NEAN 185 200 205 154
dowing 87 .DEV, 8 14 28 19
N [ 4 4 6
ix after MEAN 203 200 200 213
dosing ST.DRV, 4 22 16 20
N . 5 4 41 [
Van de Watex's correction
Before NEAN 231 233 - 234 237
Aosing ST.DEV. . 7 6 9 4
H 1] 4 4 4
1h &ftex MEAN 237 245 - 238 247
Jdasing S8T.DEV. 5 iz 9 13
N 6 4 4 6
Fridericia's correction
N~ “umsbEearmmamcavanssene
Befare HEAN 233 245 237 246
dosing ST.DEV. 3 13 12 6
N é L] 4 6
1h atter MBAN 240 251 243 253
doning ET.DEV. 8 12 10 16
N 6 4 4 &
Week 39
Q-T INTERVAL tms)
Bafore MEAN 183 198 208 1886
doaing ST.DRV. 15 8 . 13 a3
N [ 4 4 [
1h aftar HEAN 188 185 223 207
dosing SY.DEV. 9 0 21 ’ 21
N 6 L 4 5
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Van de Water's corrxaction

D R T T T L

Bofore KERH 335 231 235 22%
dosing 5T,DEV. ] 11 10 18
] & 4 4 $

ih sfter MEAR 230 230 249 « 241
doning ST.DEV. 4 13 b 12
. ® [ 4 4 &

Fridexicia‘s correcticn

AvBsUNIER T T YRR YT T~

Bafore HEAR 227 . 234 238 227
doning 6T.DEV. 8 7 12 17
A 6 4 4 6
ih after NEAN 38 232 55 =& 247
dAcaing S%.DEV, ] 12 7 15
" § [} 4 [
Week 51
Q-T INTERVAL (ms)
Before NEAN 193 . 190 185 187
doning ST.DEV. 8 8 19 1%
N 3 4 i [
1h afrey NEAN 187 ’ 188 193 203 «
desing ST.DEV, ] 10 15 3
N } [ 4 4 [

Van de Water's corraction

--------- HercoassssnenwweT

Pafora HEAN 230 233 227 229
dosing £T.0%V, 18 12 0 8
N - ¢ 4 4 6

1h after MEAN 232 228 231 . 2313
doading 5T.DEV. B 11 g [
’ N 6 4 4 [

Pridericia's correction

Bafore NEAN a32 238 31 134

doming 8T.DRV. 14 17 10 ]
’ N ] 4 4 [

ih after HEAR 237 238 a1 135
dosiag 3T.DBV. 10 14 9 6
¥ [ 4 4 &

Following 4-Week Recovery

GROOP 1 GRODP 4
0 MG/XG 80 MG/XG

Q-T INTRRVAL (x=s) .
Recovery MEAN 195 210
ST.DRV 2 14
N 2 2
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van de Water's correcticn

Racoveary MEAN 224
ST.DEV.
b

rriduricia's correction

Racovery MRAN 213
8%.0RV. 4
n 2

243

249
5
2

NDA No. 22-304

*/%*: Dunnett-test based gn pooled varisnecs Alg. at. 5% or 1V level.

QT Interval Observation Summary: Females

GROUP 1

Ghoup 2

GROUP 4 : :

GROUP 3 z
0 NG/XG 18 KG/XG 30 Ro/%G 80 MG/XG
Pretest
Q- INTERVAL (ma)
Pretaat HRAN 200 191 205 155
ST.DEV. 14 27 10 22
L4 & 4 4 1]
van de Water's coxrccuon'
Pretast HRAR 244 236 241 2389
3T.DEV. 11 11 9 14
N é 4 4 §
Pridericia‘s coxraction
Prateat MEAN 285 p i1 45 246
5¢.08V. 14 11 11 16
N ] 4 4 §
Week 1
Q-T INTERVAL {(ms)
Beafore MEAN 192 193 198 193 °
dosing ST.DEV. 10 5 13 15 -
N [ i [} 5
1b after NEAN 04 198 310 237 =W
dosing 8T.08Y. . -4 s 12 16
N [ 4 4 [
Van de Water's correction
Before NEAN 234 235 238 233
dosing ST.DBV. 11 ? 20 1
N & 4 4 [
1h atter HMEAN 244 240 244 269 *+ A
dosing ST.DEV. 13 1) 11 13
N [1 4 4 [
Pridericla‘s corraction
Bafors MEAN 140 241 43 248
desing §T.DBYV. 17 10 11 10
N § 4 4 £ -
1h atter MEAN 33 247 248 282 v »
dosisg ST.DRV. 19 17 14 14
N [ 4 4 3
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Week 13
Q-T INTERVAL (ma)
Before HEAN 202 - 189 190 3130
dosing ST.PRV. 4 13 12 14
] & 4 . 4 5
ih afeer MEAN 210 208 210 236 *
doaing ST.DEV. 9 10 12 25
. N 6 _ 4 [ H
van de Water's corraction
Bafoze HEAH 233 226 233 232
dosing &T.DEV. 3 ? 10 14
R € 4 L] s
1k aftaxr NEAR 233 237 243 262 0 g
dosing ST.DEV. 15 F1 ] 4 16
-] 6 L 4 5
Pridericia's correction
Befora MEAN 236 231 237 262
dosing 8T.DEV. 11 a 12 20
N . £ 4 ] 5
1h after NEAW 238 240 246 272 »e »
dosing 5T.DEY. 186 14 4 1?
N 5 4 4 . 5
Week 25
Q-T INTERVAL (ms)
Before WERAN 187 1%0 188 186
dosing ST.DRV. 8 12 : 10 1§
R 8 4 4 5
1N after MERN 203 188 198 203
dosing 8T.DRV. 4 10 10 20
N 6 4 4 5
Van de NWater's correction
Bafore MRAN 239 241 234 235
domsing ST.DRV. 7 12 13 15
: N 6 + 4 H
ih afrer WEAR 239 235 228 248
dosing £7.03v. ] w 3 24
N 6 4 4 5
¥ridexicia's correaction
Batore MEAN 243 255 241 2495
dosing S7.DEV. 9 16 17 20
N 6 4 4 5
1h after HEBAN 243 243 229 2538
dosing ST.DPRYV, 13 13 1 16
H [3 4 4 s
Week 39
Q-T INTBRVAL (ms)
hefors MBAN 197 194 180 = 19
doaing ST.DRV. B . 9 0 12
N 5 4 4 5
1h after MBAN 197 189 13 4 195
dosing ST.DEV. 14 10 10 12
N [3 : 4 4 5
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Van de Water's correction

Baforxe MEAN 239 230 227 232
dosing 8T.DRV. e 8 2 19
N § 4 4 5

1h aftasxr MEAN 2338 230 235 239
doaing 5T.DEV. 10 11 10 11
. N & 4 4 5

Fridericia's correcticn

Bstors MEAN 245 232 233

a43
dosing 37.DRV. 12 . 10 5 25
N [ 4 : 4 s
1bh after HEAN 247 235 241 248
dosing ST.DBV. 11 X7 13 17
N [ . 4 4 5
Week 51
Q-7 INTBRVAL (ms)
Refore MREAN 152 198 - 103 188 .
doaing ST.DRV. 8 10 10 11
n 6 . 4 ) 4 5
ih atter NEAN 155 190 189 203
doaing ST.DEV. 16 ] 14 20
N . [ 4 4 5
Van de Water's coxraction
Hefore HEAN 239 230 27 234
daosing . B8T.DBV. 7 5 9
R 6 4 4 5
i aftex MEAR 2308 228 230 240
dosing §T.DEV. 5 ’ 12 18
N 6 4 L} s
Pridericia‘’s corxection
Before KEAR 247 235 331 3%l
dosing ST.DRV. 9 7 11 11
N 6 L3 4 S
1b after HEAN 233 * 230 234 247
&osing ST.DRV. s 10 u 20
N 6 4 4 5

Following 4-Week Recovery Period

GROUP L GROUP 4
0 MG/XG 80 MG/KG
Q-T INTERVAL (m3)
Recovery. MEAN 200 180
ET.DEY. [ 0
N 2 2
Van de Water's corraction
Recovary MEAN 2432 31
ST.DRV. 3
N 2 2
Priderieia‘s correction
Recovery HRAN 248 242
§T.DEV., H 4
N 2 2
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¢/e+: Dyrnnett-test based on poslad variange sig. at 5% or 1% lavel.
a/k: t-test significant at 5% or 1t level; beforée vy, after dosing.

Hematology: Partial thromboplastin time (PTT) was decreased in the HD M and F
throughout the study, compared to controls. The PTT values are presented in the
following tables (provided from the original NDA submission):

WLES
oop gap 1 Gop 2 Gup 3 Grop 4
trap Kne fontrot Lov Doss #id bose Htigh Oose
Dose Level 0 rgfig 10 ogiky 3 myky o0 miig
i 506
K A VN 19.% 2,68 8.7 e
8.D. 141 147 0.8 212
N 8 4 4 6
HX 6 HE 1805 1.5 16.88 15.000
sD. 0.8 13 1.4 .43
N 6 4 4 [
X 13 A 2078 20,58 19.58 18,050
3.0, 165 1.07 9.%8 0.91
f 6 4 3 8
X 5 N 20,504 2.4 18.7 17,020
$.0. 0.5 2.2 1.9 1.54
y & 4 4 &
X W BN 19,25 2.13 10.42 16,12
8.0 0.5 Y 1.95 0.7
] 6 4 4 8
It ) YERN 882 2.4 B8 19.42
S0, 1.8 28 2,00 . 1.8
N 3 4 4 5
FEDOVERY HEEK 5 Yo BB 246
5.5, 2% 0.2
N 2 2
s = .0
FENES ” ’
Gap aup 1 aap 2 Grop 3 Grop 4
Gap Nee contral L Bose Hid Tose High Dose
Dose 1evel 0 myfky 10 ag/kg 30 ngrkg W g
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PiT o
K -1 e
8.D.
N
WX 6 ¥
S.D.
L
X i3 M
S.D.
N
MK 5 VEM
$D.
L]
8.0,
L
W R L=
S.0.
N
FECOVERY HERX & A
8.0,
L]

17.%3 17.45
0.% 0.6
] 4
16.97 2 5.5
1.02 0.58
6 4
18,68 18,4
0.9 0.46
B 4
1763 .47
148 0.5
& 4
18083 16.40
1.6 6.2
6 4
18.632a 1882
2907 0.87
6 L]
27038
424
2
v = a0t

NDA No. 22-304

16.65 16.2

0.58 1.8

4 5

16.35 4.9

8.9 2.74

4 S

1.5 16,25

5.19 1.%

4 8

17.00 16.3

1,41 0.74

4 5
15.75 15.40
0.97 1.9
4 )
18.50 16.58
3.3 247
4 5
2.0
D57
2

Clinical chemistry: Dose-related increase in sodium in M, but not in F in Weeks 25, 39,
and 52, reversible during the recovery period

The treatment-related increases in plasma sodium in M are presented in the following
table (provided from the original NDA submission).

Grop 1 Gap 2 Grop 3 Gop 4
Contral L Dose Hid Dse High Dose
9 elkg 10 myiky 30 myrig bl
APPEARS TH)s w'
A
ON ORIGINAL v
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W+ LT
W - MM He.@a 148.05 149,88 .00
8D 1.5 0.5 0.5 1.3
K ] 4 i 8
KK 6 M 143.% k 144.60 144.00 145.62
8.0, 0.54 1.5 0.3 2.9
N 8 4 4 5
. WK 13 MEA 144.254 144.08 2.6 w8
5.0, 0.9 2.6 2.8 3.0
N ] 4 4 6
X 3 MEN 145,850 14.13 146.57 150.28*
S0, 054 0.62 0.40 2%
N 8 4 4 6
= 2 NN 14,07 T Y 1%5.07 148,00
S 0.% 1.3 0.7 345
N 5 4 4 P
X R PERY 146. 15ad 18.068 : 148.65* 140450
8.0, 0.86 1.68 0.8 1.87
H 6 4 4 [
FEODERY WEEK 5 v R 148.10 2 149.30
8.0 1.41 155
N 2 2
*epd 5 ** =

Urinalysis: No treatment-related effects on urinalysis parameters, at the end of the study.

Gross pathology: No treatment-related findings in the gross pathology examination.

Organ weights: No treatment-related effects on organ weights.

Histopathology: Focal gliosis (minimal to slight) with perivascular mononuclear cell
infiltration were observed in the medulla oblongata and/or pons in Animals #37 (HD F),
#32 (MD F) and #11 (MD M), and minimal perivascular mononuclear cell infiltration in
the medulla oblongata without gliosis was observed in Animal # 14 (MD M). There was
no clear association with the observations of convulsions (in HD female dogs #37 and
#40). No information was provided on historical incidence of these findings for the
laboratory. The microscopic findings are considered to be spontaneous, in agreement
with the pathologist. There were no microscopic findings in the recovery dogs. The
notable treatment-related histopathology findings are summarized in the following table
(provided from the original NDA submission): '

APPEARS THIS WAY
Of GRIGINAL
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Daily Dose (mg/kg) 0 (Control 10 30 30
Number of Animals i ¥ [33 AM- 4F M i M [>3
Histopathology (No, of animals affected)
Medulla cblengata
Perivascular mononuclear cell
Tofiftration, minimal-slight 0 -0 0 0 2 1 0 1
Focal unilateral pliosis, minimal 0 L] 0 ¢ 1 1 0 0
Focal bilateral gliosis, slight 0 [ 0 o [ 0 0 1
Pons
Focal unilateral gliosis, mivmol-slight 0 0 ] 0 1 1 0 1
Perivascular mononuelear celt
Infiltration, minimal-slight 0 [} 0 0 1 0 0 1

Toxicokinetics: The results of the 52-week oral toxicokinetic evaluation in dogs are
presented in the following table (provided from the original NDA submission):

APPEARS THIS WAY
-ON ORIGINAL
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Table: Summary on exposure to CG5503-base in dogs after repeated oral doses on Day 1 and
in Weeks 26, 39 and 52 :
(mean values % standard deviation (S.D.))

Males ’ Females
Dose [mgke] 10 30 80 10 30 8¢
Dny 1
Coss [ne/L] 59 08 106 3.8 196 340
S.D. . +39 +£107  £90.7 +6.3 623 =349
AUCqo- [ng WL} 13.1 66.6 428 164 46.5 417
SD. +33 £252 - £480 +64 =173 3513
Week 26
Cex fug] - 39 321 853 49 50.1 926
S.D. +29 +£251  £319 +12 =378 =320
AUC,.. fug-hL] 204 4.2 283 181 76.8 212
$D. +36 +204 2428 +14 =273 =730
Week 39
Crexx fngL} 6.0 161 27N 63 36.6 359
S.D. +290 +34 +287 +22 £397  £238
AUC,., [ugh] 19.9 6538 509 173 64.% 543
S.D. 63 +179  £35% +58 +43.9 =313
Week 52
Crux {ug/L] 6.8 4990 145 6.3 34 21
S.D. +6.4 +358 +129 +24 =153 +233
AUCs-. [nehL] 233 142 303 16.6 61.2 £07
3D. +8.7 +746 103 +53 229 =360

Table: Summary en exposure to CGS5503-glucuronide in dogs after repeated oral doses in
Weeks 26 and 52
{mean values + standard deviation (3.D.))

Males Females
Dose fmo'kg] 10 30 80 10 30 80
Week 26
Crsx fugL] 8141 20937 47993 6895 19699 31737
5D. %2102 2387 +8201 +2433 +5772 + 13836
AUG- [uz L] 33074 76229 231252 22908 63076 150289
SD. 7880 =6710 +30616 + 6805 +15861 57376
Week 52
Canx fuel] BN 23363 48027 6604 - 28643 46821
5D. =1808 = 6630 +738D + 2433 + 9413 +21362
AUC. {ughl] 32044 88313 222693 24138 84304 131142
5.D. 8146 218483  £38779 + 7936 +22187 100293
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Other: ,

¢ No effects of 52-week oral tapentadol treatment on P450 content in dog

¢ Dose-related increases in O-deethylase activity were observed in F

e Dose-related increases in N-demethylase activity were observed in M and F
e Decreased 2-aminophenol glucuronyltransferase activity in M and F

3.4.4. Genetic toxicology

Summary: BN 200 (tapentadol HCI) was evaluated by the Sponsor in a standard battery
of genetic toxicity studies. The studies included in vitro assays in Salmonella
typhimurium and Escherichia coli (Ames Test, Reverse Mutation Assay, using both the
plate incorporation test in Experiment I and pre-incubation test in Experiment IT), and
two independent Chromosome Abetrations Assays in Chinese Hamster V79 cells.
Additionally, tapentadol was tested in the Chromosome Aberration Assay in rat bone
marrow cells in vivo, and the Unscheduled DNA Synthésis assay in rat hepatocytes ex
vivo.

Tapentadol was clastogenic in the first of two independent in vitro Chromosome
Aberration studies in Chinese hamster V79 cells, resulting in a statistically significant
increase in the incidence of structural chromosome aberrations at concentrations greater
than 1000 mcg/ml in the presence of S9 mix. A second study, conducted to further
explore the results of the positive findings in the Chromosome Aberration assay in V79
cells, revealed no increases in the frequencies of cells with aberrations at concentrations
of up to the maximum concentration tested (1500 meg/ml for 4 hours without metabolic
activation with S9, and up to 1000 mcg/ml for 4 hours and 300 meg/ml for 18 and 28
hours exposure with S9 mix).

No evidence was found of mutagenic potential by tapentadol in Salmonella typhimurium
strains TA1537, TA 98, TA 1535, and TA100, and in Escherichia coli strain WP2: trp;
uvrA in the Ames test using the plate incorporation and pre-incubation methods at
concentrations of up to 5000 mcg/plate. Tapentadol was also negative in the in vivo

assay for clastogenicity in male and female Wistar rat bone marrow cells at doses of up to
the maximum tolerated dose (MTD) of 40 mg/kg IV for 24 and 48 hours. Evaluation of
potential mutagenicity in the hepatocytes of rats given up to 35 mg/kg IV and 350 mg/kg
PO (gavage) tapentadol in the Unscheduled DNA Synthesis assay revealed no DNA
increased repair synthesis induced indicative of treatment-related DNA damage.

In conclusion, tapentadol was equivocal in the in vitro Chromosome Aberrations assay in
Chinese hamster V79 cells, in the presence of metabolic activation with S9. The findings
suggest potential clastogenicity by a metabolite of tapentadol HCI in the rat, from which
the metabolic activating system (S9 mix) was obtained. The identity and production by
human metabolism of the potentially genotoxic metabolite is not known.
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Study title: Salmonella Typhimurium and Escherichia Coli Reverse mutation Assay
with BN 200

Key findings:
e BN 200 (Tapentadol) was negatlve in the Ames Test, under the conditions of this
study using both the plate incorporation and pre-incubation methods '

Study no.: TP 1990/95 — h(4)
Conducting laboratory and location: C .:_] _ J

‘Date of study initiation: September 22, 1995

GLP compliance: Yes

QA reports: yes(x ) no( )

Drug BN 200 (Tapentadol Hcl), lot # (Batch) 06, and % purity: 99%

Methods
Strains/species/cell line: Histidine dependent S. typhimurium strains TA1535, TA1537, ____
TA98 and TAL00 (L s B )
. J and tryptophan-mdependent E. coli strain WP2uvrA ¢ j
T T ’K'ere used in this study. ‘

(-

Doses used in definitive study: 33.3 — 5000.0 mcg/plate with and without metabolic

activation with S9 mix (C_ 00 mg/kg IP) induced S9 liver _ 4)

microsomal fraction from the livers of male Wistar rats h(
—{usmg the plate incorporation method test in Experiment I and the pre-

incubation Test in Experiment II

)

Basis of dose selection: A pre-experiment for cytotoxicity and mutagenicity, using the
plate incorporation method was conducted to select the concentrations for the main study.
Strains TA98 and TA100 were exposed (in triplicate plates) to 8 concentrations of test
article (3.3-5000 mcg/plate) with and without metabolic activation with S9 mix, at
37degC for 60 minutes and then plated for further incubation for 48 hours. Based on the
results of this assay showing normal background growth at up to the highest
concentration, the test article concentrations 33.3, 100.0, 333.3, 1000.0, 2500.0 and 5000
mecg/plate were chosen for the main study. The results of the pre-experiment for
cytotoxicity are presented in the following table (prov1ded from the original NDA
submission):

APPEARS THIS WAY
ON ORIGINAL
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Substance Concentration Revertanis per plate
per plaie TA 98 TA 160

fug] - * -1 *
Negative control - 23 3 123 135
Solvent control - 28 38 147 154
4.NOPD 100 118 / i i
Sodinm azide 10.0 ¢ { 901 /
2-aminoanthracene 23 £ 419 ! 937

Test arifcle

33 34 43 165 143
10.0 27 46 177 1568
333 28 40 166 167
100.0 31 35 172 166
3333 i 48 163 155
1000.0 32 52 145 164
2500.0 28 46 158 164
5000.0 33 43 143 193

Negative controls: Untreated and solvent-treated (aqua bidest) cells

Positive controls: Sodium azide (NaN3, [ . B 0 _
mog/plate, for TA1535 and TA100), 4-nitro-o-phenylene-diamine (4-NOPD, | b(4)
, B tj, 10 meg/plate, for TA1537 and TA98), and methyl methane
sulfonate ((C j 5 mcg/plate, for
WP2uvrA in the absence of metabolic activation with S9, and 2-aminoanthracene, (2-AA,
‘ 7] 2.5 meg/plate except 10 mcg/plate in strain
WP2uvrA, for TA1535, TA1537, TA98, TA100, and WP2uvrA) in the presence of S9.

Incubation and sampling times: Experiment I (plate incorporation method): 100 mcL
bacterial suspension (cf. test system, pre-culture of the strains) mixed with 100 mcL test
article solution (or solvent negative control, or reference positive control solution), 500
mcL S9 mix (for metabolic activation test) or S9 mix substitution buffer (test without
metabolic activation), and 2000 mcL overlay agar were poured onto minimal agar plates.

Experiment 11 (pre-incubation assay): 100 mcL test solution, 500 mcL S9 mix or S9 mix
substitution buffer and 100 mcL bacterial suspension were mixed in test tube, and shaken
at 37degC for 60 minutes. 2.0 ml overlay agar was added at 45 degC after pre-
incubation, and the mixture was plated using 3 plates per dose level including controls for
further incubation for 48 hours at 37 degC.

The colonies were counted using an AUTOCOUNT _‘: - @ and scored h(a)
for cytotoxicity and reversion rates.

Results
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Study validity
e Triplicate cultures were tested

e Colonies counted using an AUTOCOUNT - ' f], system
» Background growth on the negative control and test plates confirmed in the main
study

« Normal range of spontaneous reversion rates observed; spontaneous reversion
frequencies are presented in the following table (provided from the original NDA

submission):
Range of spontaneous reversion
frequencies®
1335 1537 98 100 WP2 uwrA

10-2% 5-28 15-57 77-189 28-63

» Criteria for positive response: dose-related and reproducible increase in number of
revertants, or reproducible increase for at least one test concentration, requiring a
2X increase in reversions for strains TA100 and WP2uvrA, and a 3X increase in
reversions for strains TA1535, TA1537, and TA98 compared to spontaneous
reversion rate.

e Positive response induced by the positive control reference mutagens.

Study outcome: There were no treatment-related increases in cytotoxicity and in
numbers of revertants/plate in any of the strains tested and at any dose-level up to 5000
meg/plate in the presence and absence of metabolic activation with S9 mix, when
compared to historical and negative control values using the plate incorporation test in
Experiment I and the pre-incubation method in Experiment II. The positive control
articles, 4-nitro-o-phenylene diamine (in TA 98 and TA 1537), 2-aminoanthracene (in all
strains), sodium oxide (in TA 100 and TA 1535), and methylmethane sulfonate (in
WP2uvrA) induced increases in the numbers of revertants/plate in each strain tested
according to criteria for positive response, above, thus confirming the validity of the
study. Slight test article toxicity at the highest concentrations in the pre-incubation assay
does not appear to have interfered with the plate incorporation test.

The results of the Ames test using BN 200 (Tapentadol HCI) are presented in the
following tables (provided from the original NDA submission):

APPEARS THIS WAY
ON ORIGINAL
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without S9 mix

" * Revertante/plate

mean from three plates
Concengation TA 1335 TA 1337 TA 98 TA 100 WP2wtA
pe'plate I 1 1n in I 1 I I
Negative control % 17 9 23 51 125 103 40 41
Solvent control 9 11 8 2 5 147 92 30 42
Positive coniral® 191 499 218 38 118 187 901 490 80D 78S
333 T2 77 18 45 166 77 45 38
100.0 s 20 g 8 31 4 172 91 42 38
3333 8§ 22 11 8 31 36 163 98 314
10000 12 20 ° 13 ¢ 32 20 145 104 3 312
2300.0 13 17 s 7 28 25 158 104 28 31
5000.0 10 8 1 3 33 15 143 77 2 19

with S9 Mix
Revertmts/plate

mean frem three plates
Conrentration TA 13535 TA 1537 TA9 TA 300 WP2 wirad
pg'plate I 1 1O 10 10 I I
Negative control 17 14 17 16 33 82 155 161 43 42
Solvent control 20 19 19 14 3’ N 154 157 40 30
Positive conirol™ 138 110 176 38 419 464 937 306 262 280
333 13 20 13 15 40 61 167 176 43 31
100.0 13 14 19 i35 35 53 166 170 33 49
3333 13 19 1¢ i3 48 66 153 153 35 63
1000.0 12 17 13 13 32 49 164 178 43 34
2360.0 12 15 13 15 46 41 164 156 33 42
5000.0 13 13 13 5 43 29 193 126 37 02

= Sodivm azide (10.0 pg/plate) swains TA 1535 end TA 100
4 nitro-o-phenylene-diamine (10.0 pg'plate) sirains TA 1337 and TA 98
Mediyl methane sulfonate {3 ul'plate) strain WP2 wzd

= 2.aminoanthracene (2.5 pg/plaie) strains TA 1535, TA 1537, TA 98, and TA 100
2-amincanthracene (10.0 pgplate) straim WP2 uvrA

Study title: Chromosome Aberration Assay in Chinese Hamster V79 Cells in vitro with
BN 200
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Key findings:

» BN-200 was positive for clastogenicity in V79 cells at the concentrations of 1000-
2000 mcg/ml (highest concentrations tested) in the presence of metabolic
activation with S9 :

» Statistically significant increases in the number of structural chromosomal
aberrations (exclusion gaps) were observed at 1500 mcg/m! at 18 hours in
Experiment 1, at 1000 mcg/ml at 28 hours in Experiment I and at 1000-2000
meg/ml at 18 hours in Experiment II, in the presence of S9

¢ No treatment-related increases in chromosomal aberrations were observed in the
absence of S9, and in the negative control cultures

o Study validity was adequately established

Study no.: TP 1976/95 {_ “}Project 525802)
Conducting laboratory andTocation: _ j
Date of study initiation: September 20, 1995
GLP compliance: Yes
QA reports: yes(x) no( )
Drug BN-200, lot # 06, and % purity: 99%

. Methods

(Sytrains/species/cell line: V79 Cells (Chineée Hamster cell line, IC D
— .
(- - -~ -

Doses used in definitive study: Test article dissglved in MEM, with and without
metabolic activation with S9 mix @:; , _Jinduced S9 liver microsomal fraction
from male Wistar rats, prepared and mixed with cofactors according to Ames et al
(1977)); the concentrations tested are presented in the following table (provided from the
original NDA submission):

APPEARS THIS WAY
ON ORIGINAL
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Table 2: Chromosome aberration assay-with BN-200; applied doses

Fixation | Experimen Concentrations
interval t ng/mt
without S9 mix
18h 1 100 30.0 100.0 300.0 500.0 700.0
18h 11 300 100.0 200.0 300.0 375.0 450.0
28h 1 100.0 300.0 500.0 700.0
28h I 200.0 300.0 3750 450.0
with S9 mix
18h 1 100.0 300.0 500.0 7000  1000.0  1500.0
18h I 7500 10000 12500 15008 17500 20000
28h I 5000 7000 10000 15000
28h I 7500 10000 12500  1500.0

evaluated experimental points were printed in bold letier

Basis of dose selection: pretest using XTT-assay and qualitative evaluation of cell
density and morphology to indicate toxicity response, at 3.0-2500.0 mcg/ml (+S9 and —
S9 mix) for cytotoxicity assay: V79 cells were treated with test article at 37degC.
Solvent and blank controls were included in the assay. Cell number and cell morphology
were evaluated at 4 h and at 18-20 hours after the start of treatment. In the XTT-assay,
the cells were treated with test article for 18-20 hours followed by 4 hours incubation
with XTT-labeling reagent for 4 hours. The absorption was read at 450 nm to evaluate
cleavage of the yellow tetrazolium salt XTT to form orange formazan dye by
hydrogenase activity in active mitochondria. Cell viability was reported as percent of
solvent controls. Toxicity was observed at 300.0-2500.0 mcg/ml -S89, and at 1000.0-
-2500.0 meg/ml +89.

The results of the pre-test toxicity evaluation of BN-200 are presented in the following
table (provided from the original NDA submission):

T A RTTIN wiiS ‘d!WAY
O ORIGINAL
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Table 4: Cytotoxicity of BN-200 to culfures of Chinese hamster cell line V79,

A: without S9 mix

Concentration absorbance () standard | reletive absorbance®
pg/ml 450/690 nm deviation | % of solvent conirol
blank 0.170 8.005 0.0

solvent control 1057 0.083 96.3

solvant control 1091 0.086 100.0

3.0 1087 0.054 96.2
100 1.008 0.105 9.9
30.0 0.948 0.070 845
100.0 0,994 - 0.072 89.4
300.0 0.933 0.0686 82.8
500.9 G.585 0.067 43.1
1000.0 0.259 0.078 9.7
2500.0 0.172 0.005 03
B: with §0 mix

Concentration abzorbance . () standard | relative zbsorbance®
paiml 450/690 nm devistion | % of solvent contro}
blank 0.169 0.004 0.0

solvant control 1.103 0.08% 111.9

solwant control 1.004 0.132 100.9

3.0 D.965 0.166 95.4

16.0 1.024 0.063 102.4

30.0 1.001 0.052 997

106.0 0.976 0.039 267

300.0 0.924 0.082 90.4

300.9 0.816 0.054 774

1000.0 0.486 0.036 378

2300.0 0.189 0.013 23
e L b

u nstvent cvont © Nasks

Negative controls: MEM solvent

Positive controls: Ethylmethanesulfonate (EMS, {_
_purity >98%, 600 mcg/ml) without metabolic activation, and cyclophosphamide (CPA,
(. purity 98%, 0.71 mcg/ml) with metabolic
activation

3 b

Incubation and sampling times: V79 cells were exposed with and without S9 mix at
37degC. The treatment interval in the presence of metabolic activation was 4 hours and
without metabolic activation the intervals were 18 and 28 hours.
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-S9: The concentrations tested without S9 mix in the first experiment were 10-700
mcg/m] for 18 hours incubation and 100-700 mcg/ml for 28 hours. The concentrations
tested without S9 mix in the second experiment were 30-450 mcg/m! for 18 hours and
200-450 meg/ml for 28 hours.

+89: The concentrations used with S9 mix in the first experiment were 100-1500 meg/ml
for 18 hours and 500-1500 mcg/ml for 28 hours. The concentrations used with S9 mix in

- the second experiment were 750-2000 mcg/ml for 18 hours and 750-1500 mcg/ml for 28
hours.

Colcemid (0.2 mcg/ml) was added to the cultures 15.5 and 25.5 hours after the start of
treatment, and incubation continued for the remaining 2.5 hours. The cells were then
incubated in hypotonic solution for 20 minutes, fixed with 3 + 1 methanol + glacial acetic
acid and stained with Giemsa for microscopic examination for chromosomal breaks,
fragments, deletions, exchanges and disintegrations.

Results

Study validity

e Number of aberrations in the negative and solvent controls within range of
historical laboratory control data (0.00%-4.00%).

¢ Statistically significant increase in number of cells with structural chromosomal
aberrations in the cells treated with positive control articles.

e Assay conducted in duplicate (2 parallel cultures per test), with 100 metaphases
scored per culture for structural chromosome aberrations.

» The criteria for classification of the test article as mutagenic was a reproducible,
statistically significant concentration-related increase in number of structural
chromosomal aberrations, or a statistically significant, reproducible positive
response in at least one test point.

Study outcome: The numbers of polyploid cells and mitotic indices, in Experiments I
and 11 are presented in the following tables (provided from the original NDA
submission):

APPEARS THIS way
ON ORIGINAL
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Experiment |

Table 5: Number of polyploid cells and mitotic index; fixation intervals 18hand 28h

Treatmant COnE. S9  fixation polyploid cells* mitotic index**
group par ml mix intarval Icu]tum) total mean ;bsahlt; mezn %i’ ¥
Sokv. control’ - 1Bm | 3 2 5 25 [161 149 155 1000
Pos. control™  600.0 ug - 18k 3 0 ) 15 [83 1Ll 9.7 62.6
Test article 300 pg - 184h 0 2 2 1.0 {165 154 16.0 1025
" 100.0 pe - 18h 1 3 4 20 |77 89 83 53.5
" 300.0 pg - 18 | 3 1 4 20 {84 76 8.0 s16
Solv. control® + 18k | 1 2 3 L5 {140 151 146 1000
Pos. control™  0.71 ue + 18k 2 3 3 15 |66 5.1 59 40.2
Testarticle = 1000 ug + 18x | 2 3 5 35 124 137 131 89.7
- 00 ug + 18% | 3 1 4 20 [123 150 137 93.8
15000pg +  18h | 3 4 20 |68 55 6.4 43.6
Solv. control® - 28h 1 1 2 1.0 1142 156 149 1060.0
Test article 300.0 ng - %n | ¢ 2 2 10 [69 49 59 0.6
Sokv. control® + 28n | 1 4 5 25 |163 123 143 1000
Test article 10000pz + 282 { 3 3 § 30 |75 84 80 55.6
*

The number of polyploid cells was determinad in a sampla of 100 cells per cultura of each test group
**  The mitotic index was determined in a sample of 1000 cells per enlture of sach fest group

#¥* For ths positiva control groups and the tast article groups, the relative values of the mitotic index are
related to the solvent controls -

Y MEM
® EMS
“* cpa

APPEARS 1y
IS
ON ORiGINALWAY
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Experiment |l
Table 8: Number of polyploid cells and mitotic index; fixation intervals 18 hand 28 h
Treatment - cone. §9 fisation polyploid gells* ilotic index**
group . parmi  mix interval | culiure tolal mean absolule mean %S
1 2 1 2
Solv. control® - 18h 4 5 9 45 [18.6 183 18.5 100.0
Pos. control™  600.0 pg - I18h | 3 4 7 35 |86 110 938 53.1
Test article 1000 pg - 18h 3 0 3 15 j159 180 179 3519
v 300.0 pg - 18h 4 D 4 20 (142 132 13.7 'i4.3
. 450.0 g - 18h | 4 3 7 35|58 63 6.1 328
Solv. control® T 8k | 2 2 4 20 [102 130 16 1000
Pos.contro™ 07lys  + I8k | 4 ¢ 4 20 160 W1 151 1297
Test ardicle 1800 0ug + 13h 1 3 4 20 [169 151 16.0 137.9
Lo 1500.0pp + Bh 1 f 1. 05 {141 135 138 190
» 20000p0g + i8h ] 3 5 8 w717 w1 97 836
Sobv. control® - 28h] 2 @ 2 ko {119 112 6 oo
Test article 200.0 pg - 28h 1 3 4 20 (102 143 3123 106.1
Salv. control® 4+ mh |3 1 1 20 (145 160 153 1000
Testarticls  15000pg + 28h | 5 5 10 50 1132 N2 122 %00

*  The number of polyploid cells was determined in a simple of 100 colis per culturc of each test group
** The mitglic index was determined in a sample of 3000 cells per culture of each test group
*** For the posithie contol groups and the test anticle groups, the relative values of the mitolic index are
related 1o (ke solvent controls '
MEM
™ EMS
0 CPA

The results of the evaluation of structural chromosome aberrations in Experiments I and
IT are presented in the following tables (table provided from the original NDA
submission):

APPEARS THIS WAY
ON ORIGINAL
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Table 6: Structural chromosome aberrations Experiment 1; fixation interval 18 h

slide  oells % aberrant colls abesrations
po.  scored  imcl, excl. withex- | gaps | chromaiid type |chromosome type| other
gaps  gaps* chamges| g iglb [ o ex{ib if id ex|ma od
without 59 mix
Sotvent control: MEM
i 100 0 010 0 ¢ 010 ¥ O VI O O
2 100 . i ¢}jop 1 0 00 0 O OO0 O©
1+2 200 1.5 10 0.0 I 040 1 0 08 1} O 0] 0 ¢
Positive conttol: EMS 600.0 pg / m}
! 100 3 047 1 6 870 O djo B
2 160 P o6 1 0 11j0 0o 0 of o0 0
1+2 200 150 1490 2.0 4 0113 0 19| 0 O 0] D 9
Test artivte: 30.0 pg f ml
1 160 2 oflo t 0 wvjo 0 0o oo o
2 100 D 0}t 0 O D v 0 4]0 O
1+2 200 20 1.0 0.0 2 010 2 o olo 0o o 010 9
Test article: 100.0 pg /md
i 100 1 00 o 0 @ 0 0 O0fjD O
2 100 3 11 1 o o0lo0o O o ¢ 0 0O
1+2 200 3.0 19 08 4 11 1 0 o0j6 D 0 9]0 O
Tedt article; 300.0 pp / ml
i [i] 1 0ofe 1 0o tj1 0 ¢ 0|0 O
2 100 ¢ D9 0 0 0jO O 0 0] 0 O
142 20 1.5 1.0 0.5 1 0j¢ t 0o t]1 0 0o 0j0 ©
with 59 mix
Solvent control: MEM
= 100 ¢ o9 1t O 0O 1 O OO O
2 00 2 o]l 1 2 0 Of1 o aolo @
1+2 200 4.0 3.0 20 2 06{1 3 0 0j1) 1 0O O1Y 0O
Positive control: CPA 0.71 pg /ml
1 100 4 0|5 4 O 101 1 B 0} 0 O
2 100 5 916 6 & 63 9 0 0] O O
1+2 200 205 175 15 9 _9J11 o 0 16{4 1 0 0]G D
Test article: 100.0 pg / ml
1 100 0 610 0 © 4] e 0 0
2 190 0 ¢j0 0 o6 {0 LI O 9lo 0
1+2 200 1.0 10 0.5 D 410 0 o {110 1 4 0 0
© | Test article: 7000 pg /ml . .
H 100 4 00 0 0 1]O O O ©0lO o
2 100 2 11 o 0 1o 0 O 040 ©
112 200 5.0 1.5 1.0 6 1j1 0 © 210 0 ¢ 0j 0 ©
Test anticle: 1300.0 pug /ml
1 160 3 0j2 9 0 210 0 9 U
2 00 1 03 0 0 311 0 o 111 o
1+2 w0 125 10.5 2.5 Di 2?2 9 o 511 0 0 1]1 ©

* inclusive cells catrying cxchanges

Abbreviations

B = gap, ig = iso-gap, gaps arc achromatic lesions of chromatid or chromosomc {ype where no ot only a
minienal misaliphment of chromosomal material is visible b = break, fb = iso-break, f = fragment, if = {so-
fragment, d = delction, id = izo-deletion, ma = mulliple aberration (= more than 4 cvenls in one cell
fexcluding gaps] only exchianges are recorded additionally in these cells), ex = chromatid 1ype exchange, cx
« chrgmosome type exchange, od = chromosomal disiniegration (= pulverization)
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Table 7: Structural chromosome aberrations Experiment I; fixation interval 28 h

slide  celly % aberrant colls aberralions
no. scored  incl, excl.  withex- | gaps | clromalid type | chromosome type| other
gaps _ gaps* changes| g ig|b f 4 ex|ib if 14 ex|ma ol
] without 59 mix
Solvent control; MEM
1 100 0O 010 9 9 00 0 0 o|l 0 o
2 160 6 00 0 0 {0 0 0 00 @
142 200 0,0 0,0 0.0 0 6{0 ¢ 0 0|0 0o 0 9lo o
Test anticle: 300.0 pg / mi ) '
i 100 1 ojo 1 gl o 0 @ OO0 O
2 100 0 ojo 0o o 0 0 O 0jO o
1+2 20 3.0 1.5 0.5 1 0j0 1 ito 0 0o ojo o
) with §9 mix
Solvent control: MEM
1 100 ¢ oo 2 o o0 6 0 0 0 O
2 (1] 0O o0f1 0 0O O[O0 ¢ o Of O O
“hED 200 1.5. 1.5 09 0 o}l 2 0 0[]0 0 0 O0lo o
Test article: 1000 pg / vl
I 100 7 011 3 0 202 90 0 0lo o
2 100 P 012 0 ¢ 31¢ o 0 o]l1 o
L+2 200 B.3 55 20 |8 ©0}l3 3 o 512 0 D0 0f1) 0

* inctusive cells carrying exchanges '

Abbreviations

B = gap, ig = iso-gap, gaps ate achromatic lesions of chromatid or chromoseme type where no o only 2
tdnimal misalignment of chromosomal material is visible, b = break, id = iso-break, = fragment,
if = iso-fragment, 4 = deletion, id = ize-deletion, wma = minitipie aberration (= more than 3 events in one cell
{excluding gaps] only exchanges are reeorded additionally in these cetls), ex = chromatid type exchange,
ox = chromosome Lype exchange, cd = chromosomat disintegration (= pulverizatiot)

APPEARS THIS WAY
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Table 9: Structural chromosome aberrations Experiment 11; fixation interval 18 h

shids  cells % sberrant cells aherrations
no.  scored mel  excl  withex- | paps | chromatidtype |chromosome type| other
gaps  paps* changes| ¢ isib f d ex]ib i id ex|ma cd
withoid 89 mix
Solvent conlrol: MEM
100 010 0 0 O}l D O OO0 O
2 ] 1 ojo 0o o oo o0 6 0| 0 0
1+2 200 0.3 0.0 0.0 i 010 0 0 00 0 ¢ Ol D ©
Positive control: EMS 600.0 pg / m! ‘
1 100 5 0% 1 1 1413 0 O 0j0 0O
2 100 7 o] 4 D 230 0D O 0fj0 O
142 200 208 200 150 (12 0113 3 1 M| 3 O O 0[O0 O
Test article: 160.0 yip / mi : .
1 100 ¢ 0 0 0O & 0 ojo0 O
2 100 t 0jo 1 1 0} 0 O 0 0fj0 0
1+2 W00 05 0.5 00 1 0 11 10 0 9 gjo 0
Test article: 300.0 pg /ml -
1 100 1 00 9 O 00 O 0D 0jO0 O
2 100 o of@6 O O 00 O O 0jO O
1+2 00 0.5 0.0 0 I D] & 0 0610 0 0 0[O0 O
Test asticle: 450.0 pg / mi i
1 100 ’ 0 ol O O 010 O O O[O0 O
2 100 3 0l0 2 0 070 0 0 010 O
1+2 200 2.0 0.5 0.0 3 010 2 0 D10 0 O 0JO ¢
with 89 mix
Solvent control: MEM
] 100 {0 90 0 O0jB 0 D OO @
2 100 L 60 ¢ 0 {0 o D 0]oO0 ©
I+2 200 30 0.0 0.0 7 8]0 0 0 0}jO0D 0O 0 0610 O
FPasitive conlrol: CPA 0.71 yig fml
1 100 3 612 1 © 71i3 o 0 0|lO0 O
2 100 ¥ 6] 2 3 o 1L oL o0 O]t O
142 200 14.0 13.0 7.0 4 0]l 4 4 0 M} 4 1 0 0]1 O
Test article: 1000.0 pg / ml
1 100 0 012 0 ¢ 3}1 0O 0 0[O0 O
2 100 3 2 1t 0o 200 0 0 Ol0O0 O
1+2 00 70 80 2.5 3 4 L 0D 511 0 0 0o 0o
Test article: 1500.0 y1p fmt
1 100 ¢ 913 4 06 0} 2 0 6 o6JO0 O
2 100 0 0)3 1 o 210 2 @ o]0 o
142 200 1.5 1.5 1.0 0 0fj6 ¥ o 212 2 0 olo o
Test article: 2000.0 ug / ml
1 100 1 110 4 0 31¢ ¢ o glo 0
2 “100 4 60 12 0 210 1 0 G} 0 O
1+2 200 11.5 10.0 2.5 5 1o 18 0 510 1 0 0fO0 0

* inclusive cells catrying cxchanges

Ahbreviationy

B = £ap, ig = iso-gap, gaps are achromatic lesions of chromatid o7 chromosome type where 1o or only a
minimal misalignment of chromosomal material is visible, b » break, ib = iso-break, § = fragment,
il = iso-fragment, d = deletion, id = iso-deletion, ma = mbtiple sbermtion (= more than 4 events i one coll
fexcluding gaps} only exchanges are recorded additionally in these oells), ¢x = chyomatid type exchange,
cx = clwoniosome type exchange, cd = chromosomal disintegration (= pulverization)

The results of the biometry evaluation are presented in the following table (provided from

the original NDA submission):
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Statistical significance at the five per cent level (p = 0.05) was evaluated by means of the
chi-square test. Evaluation was performed only for cells carrying abesrations exclusive

. £aps.
Experiment I
Solvent control fixation S$@ p-value
Versus interval mix
Test group 30.0 pginl 18k - ne.

" 100.0 pgimi 18h - ne.

" 300.0 pginad 18% - n.e.

N 100.0 pgiml 184 - ne.

i 700.0 xgh 18h - ne.
1500.0 pgmi 18& - 001 =p =0001*
000pgml 28k - 01 =p >005

- 1000.0 pe'mil 28k - 005 =p =0.025*

Negative control versus
Positive Control
EMS 600 png'mt 13& - 0.001 = p =0%
CPaA Q.71 pg/ml 18% + 0001 = p =0%
Experiment II
Solvent control fixation S9 p-value
VEIsus interval mix
Test sroup 100.0 psiml 8% - 09 =p =01

" 300.0 pefml 18% - B.C.

450.0 psiml 18& - 69 =p =01

- 0000pgimd  18%: = 001 >p =0001*

* 1560.0 pgmi 18% = 0001 =p =0%
20000 pgiml I8k + 0801 =p =0*
200.0 gsml 8% - 03 =p =01
15000 peim  28: = 0001 = p 0%

Negative conirol versus
Positive Control
EMS 600 pz'mli 18k - 0091 = p =0*
CP& 047 pgiml 18% = 0001 = p =0#

n.¢. = not celeulzted as the abairation rate is equal oy fower than the control rate
* zbeyration raiz is staiistically zignificant higher than fhe control rzte

The definitive chromosomal aberration study results are presented below (tables provided

from the original NDA submission):
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Table 1: Summary of results of the chromosomal aberration study with BN-200

Conceniration . Mitotic indax Abeizant cells in %
Experiment 39 of BN-200 Polyploid in% .
mix in pgml cells of control el gaps exel gaps¥  axchanges
I 18h . 300 19 102.9 20 10 0.0
- 100.0 20 333 30 1.0 0.0
- 3000 X ¢ 516 15 10 0.5
I 18h - 1000 135 919 : 03 0.5 0.0
- 3000 T 743 03 0.0 00
- 430.9 N 328 - 2.0 0.5 0.0
I 28n - 3000 1.0 196 30 15 . 03
I 28k - 2000 20 106.1 - 1%} 1.0 0.0
1 18h =+ 1000 25 8.7 1 10 05
+ 7000 20 93.8 50 13 1.0
+ 1500.0 20 436 125 10.5%% 13
oI 18h =+ 106000 20 1379 7.0 £.0%% 23
+ 13000 0.5 1190 73 T.5%% 10
+ 20000 4.0 836 11.3 10,0+ 33
I 28h =+ 10000 0 358 85 £.57% 10
I 28h =+ 15000 5.0 800 110 9.0%%

¥ inculsive cells canyiog exchanges

** Aberration frequency statistically significznt higher than corresponding zolvent conirol valuas
Abemant cells in the sclvent {negative) conirol zronps: 0.0% - 3.0 %
Aberrani calls in the positiva control groups: 13.0 % - 20.0 %

Summary: In experiment I, the mitotic indices were 53.5% and 51.6% of control after
treatment with 100 and 300 mcg/ml BN 200 respectively in the absence of S9 mix, and
55.6% and 43.6% control after treatment with 1000 and 1500 meg/ml respectively in the
presence of S9 mix, at 18 hours. In experiment II, the mitotic index in the absence of S9
was reduced to 32.8% of control value at 18 hours after treatment with 450 mcg/ml.
There was no decrease in the mitotic index in experiment Il in the presence of S9 mix at
concentrations of 1000-2000 mcg/ml, measured at 18 hours.

The number of cells with structural chromosomal aberrations was significantly increased
at 1500 mcg/ml (10.5%) BN 200 measured at 18 hours and at 1000 mcg/ml (5.5%)
measured at 28 hours in experiment 1, and at 1000 (5.0%), 1500 (7.5%) and 2000 (10.0%)
mcg/ml measured at 18 hours and 1500 mcg/m1 (9.0%) measured at 28 hours in
experiment I, in the presence of S9 mix. The test article-related aberrations were in the
form of gaps. There were no increases in the rate of polyploid metaphases by BN 200
compared to control rates in either experiment. Structural chromosomal aberrations were
significantly increased by the positive control articles EMS and CPA (13.0%-20.0%).
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Study title: In vitro Chromosome Aberration Test in Chinese Hamster V79 Cells with
BN 200

Key findings:

e BN 200 (tapentadol HCI) was negative for clastogenicity in vitro in the
Chromosome Aberrations Assay in Chinese hamster cells (V79 cells) at
concentrations of up to 1500 mcg/ml in the absence of metabolic activation with
S9 for 4 hours, and 1000 mcg/ml for 4 hours and 300 mcg/ml for 18 hours
incubation in the presence of S9, under the conditions of this study.

¢ This study is considered to be valid, based on standard criteria for the assay.

Study no.: TP2448(  Study 746501) _ o - b(g)
Conducting laboratory and location: {__ ]

Date of study initiation: September 4, 2002

GLP compliance: Yes

QA reports: yes(x) no( )

Drug BN-200, lot # Batch CEWS140, and % purity: 97.7%

Methods
| ) b(g)
Strains/species/cell line: V79 Cells (Chinese Hamster cell line, |

Sance

Doses used in definitive study: Test article dissolved in MEM, with and without

metabolic activation with S9 mix (C nduced S9 liver microsomal fraction b(4)
from male Wistar rats, prepared and mixed with cofactors according to Ames et al

(1977)); the concentrations tested are presented in the following table (provided from the

original NDA submission):

Table 2: Dosas applizd in the Chromosama abarration test with BNZOG

Sreparalion | Expesure Exp. ceacentration
Irisrvat gariod T Inagimt
without $9 mix
3 hE 2he } 125 280 £01 750 1030 1500
13 hre 18 s It 109 200 300 438 <ot 750
23 he @Bk [ ' 300 a0c €90 70
with $3 mix
3 hre Zme ] 1335 20 SO0 750 1000 1530
23 hre 2hE ki 123 250 5¢0 750 10698 1530

evaluazed exgermenta: poinds were print=¢ inbeld letters

Basis of dose selection: Pretest toxicity assay at concentrations of up to 2650 mcg/ml (10
mM exposure for 4 and 24 hours, maximum under OECD Guideline 473). BN 200 was
cytotoxic at 1325 mcg/ml and above with and without S9 mix. The concentration of
1500 meg/ml with and without S9 mix was selected for the high concentration in
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Experiment . The pretest for Experiment II resulted in reduced cell numbers at 662.5
meg/ml and above for 24 hours, and therefore the high concentrations of 750 mcg/ml
without S9 and 1500 mcg/mi with S9 were chosen for evaluation in Experiment II. The
results of the cytotoxicity pre-test are presented in the following tables (provided from

the original NDA submission):

Table 4: Cytoloxdeity of BN20D to culiures of Chines= hamster cefl ling W78,

without 33 mix, 4 hra exposirs with §9 mix, 4 hrs exposure
Ccnozntralion Numger of %o Cancentration Number of o of
I pgiml cails stivent condrol In pgimi cels solvent conlreé
Salvent cortrol 1633 1110 Sovani control 735 100
&7 1314 21 27 838 114
414 . 1254 " 434 831 113
€26 1332 120 823 812 1143
1€5.6 1101 1102 1685 536 &7
3IN3 1296 120 3313 451 63
B562.5 733 59 6E2% 412 SE
1333.0 421 41 152530 158 22
2550.0 o 0 26508 4 1
without 59 mix; 24 hrs expoaure
Toroarmaiicn Kumnes of % af
in gl o5 seivesd canteet
Soivant contred €3 106
207 63 97
414 745 1a&
326 £03 73
1€3.6 a4s . 122
3313 473 6%
562.5 114 A3
1325.0 2 &
G5E0.6 a ' ]

APPEARS THIS WAY
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Table 5;: Number cf celis in 2% of solvanti coniraol

witkout matabolic actlvation {55 mix)

Exparimenl £ 4 his exgosurs Bxpesimzni [t conlinuzus Exposure
Preparaton  Concenfration  Cellsin % of Preparation  Concentration  Cells in % of
interval in p3im solvent condrol irdersal fpgiml  solvenicontrel
13 hrs 15 104 : 1BIre 100 . a7
250 . 9t . " 200 112
S0 17 ‘ " 300 3
750 . 37 - 410 36
1000 7% " 300 22
* 1500 31 - 750 18
23 ee 300 a3
" 210 11
510 @
- 750 10

‘#Ith metabolle activatien {53 mix)

Expariment I 4 VG exposur2 Exparment 1); & hrs 2¥posLre
Preparatisn  Cencenfration  Cells in % of Preparation  Concentration  Cells in % of
intersal in pgfie solvent cortrol irterval npgiml solvend controt .
130rs 125 93 28 hee 125 12
280 a3 " 280 112
300 38 - 500 126
* 750 33 " 750 59
1000 52 - 1000 21
1520 11 - 1500 0

experimentsl gzauzs evaluated for oyiogenelic damage were print=d in bold Jeters

Negative controls: Culture medium and Deionized water (vehicle solvent) in culture
medium (10% v/v) :

Positive controls: Ethylmethane sulfonate (EMS, C ) 7
ﬁ>98% purity, 100-200 mcg/ml) without S9, and
Cyclophosphamide (CPA, C }98% pure, 0.7-1.0 meg/ml)

Incubation and sampling times: The experimental schedule is presented in the following
table (provided from the original NDA submission):

velthout 59 mix wHh 83 mix
2xp.t =p. i €xp. i axp. i
Expagure p2r03 ZhEe 4 13 hre 2BrE 4nrs 4hrs
Facovary 1shrs - - 14 s 2405
Freparztion ntemvai 13 hrs 13ke 25T 1Enrs 2303
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Results

Study validity
e Number of aberrations in the negative and solvent controls within range of
historical laboratory control data (0.00%-4.00%). v
o Statistically significant increase in number of cells with structural chromosomal
aberrations in the cells treated with positive control articles (table provided from
the original NDA submission):

TES: GIoup Abarrant colls In % Teet greap Abarrant cells In %
Firal coacesiration {excl gaps) Firat congentration {excs. gaps)
range . 1ange
withauz 58 rx WER 52 miX
EMS 100 - 10063 yg'm! { 80-10.0 CPA ¢.7-1.0ugm l &5-955

e Assay conducted in duplicate (2 parallel cultures per test), with 100 metaphases
scored per culture for structural chromosome aberrations, except for evaluation of
50 metaphase plates for the positive control cultures in Experiment 1 with S9 mix
and 200 metaphase plates scored for the solvent control and concentration 750
meg/ml. ‘

e The criteria for classification of the test article as clastogenic was a reproducible,
statistically significant concentration-related increase in number of chromosomal
aberrations, or a statistically significant, reproducible positive response in at least
one test point, compared to historical control data. The historical laboratory
control data are presented in the following table, for reference (provided from the
original NDA submission): |

APPEARS THIS WAY
ON ORIGINAL
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Chinesa hamster V70 celt culivres [January 2007 o June 2002}

Without §3 mix
Mberrant colls (%6}
Inclusive gaps exciysive 4aps Wik 2%ch3nges
Test graup cefs salcutatzd eafcutaled. cdculaled

Corcenbaton | scored | range [ mesn | range' | rang2 | mzan | moget | ramg2 | mean | range”

Negative control
Cullire meum: | 26280 | 8.0-50 18 0E-24 0.6-4.9 1.0 1346 (002G | 02 3004

MEM -
Celonised waler | 15240 | 8045 | 142 1027 | 0625 | 1.0 | 9417 [001.5 | 42 | 2004
10% &)
Crg. soivents™ | 31000 | 0055 | 13 0627 | 0633 | 16 | 9316 | o015 | 42 | 0004
B3 % v}
Total 5440% | 0.0-5.5 1.7 0.8-26 0.0-4.0 1.0 03-16 | 0020 | D2 0.00.4

Positive control ) '

EMS 43000 [9.0-1000 | 24.6 | 13.5-35.7 | €0-1000| 237 | 13.1-34.47 00400 | 76 3.8-1135

102~1EQE pgimi

With 892 mix

Abastant catfs (36}
Inclustve gaps exclusive gaps ‘il axchanges

Test group cels calestaiad calculated. caoualed

Cancontration | scorad | range | mean | ramge” rangz | m=zan | raage” | rangs | m2an | moge”

Hogative confrol

Culwre magium | 34000 } 0.07.0 1.3 0523 0.0-49 1.2 2519 ] 0026 | 0.3 1.00.6
MEM . .

Delcrisacwiater | 11000 | 0085 | 13 | tpzr | ooe3 | 12 | 3310 [ooas | o3 | s006
10% (W)

Crg. sclvents™ 29590 | 9.9-85 13 1.8-22 038 13 1520 | 002k | 03 3.0-0.7
0.3 % {ud}

Total 86600 | 0.0-70 13 0328 0.0-4.0 1.2 0519 {0626} 23 0.00.6

Positive control

CPA 34000 | 3.5955 | 8.5 | 15.1-336 | &5-655 | 189 | 11.3-220 | 0.5-23.0| 58 22383
0.7-1.0 pyimt
*  mean £ siandard deviaticn

organic schserts: scetons, DMSQ. ethanw., 3nd tetrahydreiurans

Study .outcom : The numbers of polyploid cells and mitotic indices in Experiments I and
11 are presented in the following tables (provided from the original NDA submission):

APPEARS THIS way
ON ORInINAL
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Table §; Number of polyploid calls and miiofic index;
praparafion interval 15 hrs with and without S8 mix

Treatmant cane. 83  ZSxposure Polyploid 2ells” aitios: haces*

group parml  mix  parod cuiure otal o abeoluta mear %"
Recwvery | 1 2 12

Nzg. conlrol - 4ltapes | 2 13 22 22 [146 152 148 1E0D
Solv. coalrol® 10 % - 4rt1ae f 13 B 26 & 153 137 . 134  1RQL
Pos. contros™ 200 ¥9 - Alieres | T 9 1€ 18 186 133 137 Q&
Taet #iam 7306 99 - 4014 | 22 3 3e 34 age 113 103 8.3
- 1600 g - Alwews |13 3 18 13 |126 135 131 74
- 1500 39 - 4)iks |14 13 32 32 | v4 7E 75 556
Nz, controt v+ aridre | 1 3 14 14 {158 164 157 1000
" |son. contral® 10 % + 4 | 7 0W 17 $7 |165 171 163 1EOL
Poseonka™ 07 g+ drwekE | £ 7 12 12 {18 112 17wz
Tast ¥om o0 yg . 4 411abre k] 9 18 13 118 13 14 g§7.0
- 750 ug + gvwers |12 9 21 21 {121 123 128 @
- 1000 ug + 44940ms | 14 9 23 23 114 112 13 673

The number of peiyploid cells vias detsrmined of each test group i 3 sample of 500 csis par culture
The mitotic index was determined i a sample of 100D c2ts per culture of each test groupin %

Fer the positve contrel groups, the relatve values of the mitoiic index are relalzd b the negative
centrols: for the test itemn treimant groups the values ars relaled to the selveni contes’s

deionised viatzr
" EMS
™ cPA

Table & Number of polfploiﬁ celis and mitolic index;
preparation interval 15 and 28 hrs without S€ mix;
praparation interval 3& hirs with SD mix

Traaiment Cons. 59  Exposure Folypind cefis” MHoze ngices™
croup psemi  mix  parod CUTUrE =otal % steolls  mear %
Reeavery | 1 2z 2

Nzg. conlrd - 1€r-hre | 13 1B 34 34 |toB 102 101 t0Af
Solv. contrel” 1B % - 164-hre 3 12 2c 23 |11e €& 163  1EAC
PO5. congH™ 106 ug - 16é-hre | 12 12 32 32 86 112 102 1620
Tasttam 100 g - 16f-hre |14 10 24 z4 |105 102 104 IMS
- 200 g - 1Er-hrs 1 " 28 22 Te 111 et €7

N 00 ug - iB¥-hre 14 16 36 aa 34 47 31 493

Neg. cealrot - 287-hre | 12 7 30 33 |18 T3 161 102E
Sok. coalral i % - 287-hre 1% 7 32 22 i34 153 132 106
Pos. control™ 100 g - 2Bienws |12 17 36 331 |44 135 40 &2
Testfiam 06 yg - 28¢-hre | 47 10 27 i B K S K B 85z
Nag. controd +  4l3sms §12 15 28 22 jiok i2E 0 112 104e
sou. coatrzl® 0 % L 4)3snee | 1E 17 32 32 |50 138 132 1E2E
POS. CONTEi™ 1.E g +  4)&nre |22 13 20 43 |50 182 137€
Tzetizm ' €00 ug + A ZLTTE 1€ 19 34 34 e 12 0.6
M 50 ug + 4rdatg | 12 15 34 X T I SO e 1154

N 109C 1g + 40%2k8 | 33 & 32 £2 [13.E 122 g

The number of pxyploid cells vias determined ¢f each test greup n a sample of 800 ¢z°s per culiure
The mitotic index was determined it a sample of 1000 c2-s per oulture of each test groupin %

Fer the pesitve sontrol groups. the relatve values of the mittic index are nlatsd to e negative
zentrols: for the test tem treimani groups the values = relatss fo the selvsni contros

deionized watsr

® EMS

OCPA
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The incidence of structural chromosome aberrations observed in Experiments 1 and 1I are
presented in the following tables (provided from the original NDA submission):

Tabla 7: Structural chromosome aberrations Experimant I;
preparation inferval 18 hrs withoui 59 mix: exposure pericd 4 hrs

Syd2  Celis % Abarrani cells Atersnns
no. scored  jacl expt.  wrhex- | g9aps chromaligiype | chromosomedypa | cthar
qaps  qaps” changes| o fq | B f o ex b 15 ¥ cxjma o
.| withoud 33 mix
Regalive condiot
1 196 1 &l ¢+ 4 3 810 0 2 4| B O
2 105 1 Ef 6 4 9 0} 0 0 4 &} & 0O
1+2 206 15 as 34 2 G| t 9 o olo o0 2 3}l b O
Soherf corral: deionisad waler 76 3%
1 186 ] 1 T 0 o0 o 13 3 e 0
2 14p ¢ £ ¢ t 2 6} 0 0 3 I} & O
1+2 20k 18 15 ki) 3§ 0| i 2 3 0 ¢ 9 3| & O
Posthie controt: EMS 260 g ! bt
1 5 b 1 .0 1 82 0 3 4 L
2 i1ic) 4 Bl 2 & 84 6|1V 2 2 4} b0 1
12 200 13.5 126 74 E B8] 3 5 8 4] 3 2 9 #| & 1
Tk fam: 750 pg / mi
1 146 2 B} 1 4 8 o/0 0 9 3] 6 B
2 e 5 pl o 3 a of1 ¥+ 9 4] & O
1+2 200 A6 15 og 7 ) 1 a4 3 ol 1 1 4 3§ L O
Taet xam: 1608 ug sonl
1 14e 2 ef o 2 3 60 1 3 2] 6 O
2 e 1 ef 0 9 3 o0fj0O O 3 3} O O
1£2 206 3.6 15 oo 3 b] © 2 & of 6o 1 8§ 13 E_©
Taet 2era: 1500 g smi
1 1ae 4 ¢} 0 & 2 11 0 0 8l & O
2 106 a o 8 v+ 3 ofj0 9 2 B| & O
i+2 206 1.0 1.8 nE 4 Bj o v 31 ito o aj ¢ b
*  inclusive cells carrying exchanges
Abbreviations
4 = 9ap, ig = iso-gap {gaps sze achromatic lesions of chromatid er chromosome typ= where no crenly a

minimal misalignmsant of chremosomas material is visible), b = treak, ib = iso-break. { = fragmznt, if = iso-
fragment. 4 = debztion, id = iso-gsisiion, ma = multiple aberraticn = mere shan 4 events in one cell
[excluding gaps]}. ex = chromatc type exchange, ex = chromozeme type exchange, ¢d = chiromoscmal
digintegraticn {= pulverizaton)

APPEARS THIS WAy
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Table 10: Structural chromesome sberrations Experiment §i;
preparation injerval 13 hrs without 8D mix: axposura pericd 15 hrs

Sidz Calls % Aberans cells Ateraiions
no.  stored - el axel.  whhex- | gaps chromalidiyce | chromosome fype | oihar
G3ES  GIPE” changesy 9 Mg | b f 4 ex}ib H M ecx ma od
without 33 mix
Nzoative contral
10p 2 6 1 2 4 0ofj6 1 4 B b O
2 106 ¢4 ¢y o0 & 8 Dj6 O & I OC O
13 2008 20 ig &4 2 0] 1 4 3 gl g 1 a4 4] & 0O
Sohvart contrel: dzlonlsed viater 16 3
1 . 1p 1 6] 2 4 1 2 1 3 0
2 186 ¢ B 1+ 9 2 ofje a 4 8| e 0O
12 200 A 15 B 1 8] 3 49 4a 2 4 31 b D
PosEN2 confrek: EMS 1C0 pg 2 me
1 180 4 o]l 7 240 Ff1 2 8 2|0 0
2 ] 2 Bl 6 it 4 F18 1 4 3j 0 0
1+2 206 13.0 17.0 6.5 6§ b| % 4 4 4} ¢ 3 84 a0 0
Taset #zre 160 pg ? mt
1 1409 ] 6l 0 a4 a4 B} 1 9 ¢ #| ©p O
2 140 ¢ ©] o LI gpe¢ 9 2 1| 6 D
122 280 1.8 10 G5 1 8] o t a8 bl1 a 8 4 p b
Tast am: 260 pg ¢ ot
1 190 4 & 0 85 294 O0j0D Q@ 84 | C O
2 e 1 <3 | 4 2 B¢ o 8 a6 o
1+2 priti] 1.6 05 oG 1 8 1 @& a_ Bl Cc 4 & B B O
Tast farm: 364 pg / mi
1 1ap 1 g ¢ a 3 sl & & 8| b O
2 196 4 ¢/ 0 9 0 o6foc @ B B D0 O
1+#2 298 0.8 0.9 Da 1 gl 0 8 3 6je & & s8] © O

inclusive cells camrying exchanges

Abbreviations

9 = gap, ig = iso-gap {gaps are achromatic lesions of ciromalic or chromosome typ= where no cecnly a
minimat misalignmaat of chremosomal material is visible), b = Ereak, ib = iso-break, f = fragmend, if = iso-
fragment, d = delefion, id = isodelelion, ma = muliiple aberration {= mcre than 4 evends in one cell
[excluding gsps]}. ex.= chromatid type exchange, ox = ciirompscme type exchange, cd = chromosomal
disintegraticn {= pulverization) :

APPEARS THIS WAY
ON ORIGINAL
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Tsble 11: Structural chremoseme aberrations Experiment ii;

Reviewer: Kathleen Young, Ph.D.

preparation inlerval 28 hrs without B mix: 2xposura peried 28 hrs;
preparation inferval 28 hrs with 5% mix: exposure padod 4 hrs

NDA No. 22-304

Sida  Calis % Abarar cells Aterdons
no. seored el exel  ughex- | gaps chromalidlypa  Jchromosome fypa | cther
gaps gaps® changes| g Jo | b T d ex b B W cx|ma od
without 59 mix
Nagative conirol
1 196 B ¢l ¢ 2 a4 oft a 9 3}l e O
2 108 2 By O 12 0|1 ¢ ¢ o B 0O
i+2 26 25 18 jeX1] 2 6l 0O i & 0] 2 0 44 481 8 o
Sowant confrel: dzlcnlsad valer 16 3%
1 hhic) 2 <] S R | B { il¢ 9 & @#f e ¢
2 180 8 Gl 0 &4 4 ¢/ 0 Q0 & 9} & @
1+2 200 1.5 0.5 LS 2 Ef 6 49 2 1] 0 @ ¢ 9 & o
Posiitie confrek EMS 100 pg /e
1 106 2 w2 + 2 41 0 8 {6 o
2 100 T Bl + 2 8 30 2 @& of 1 o0
142 280 9.8 9 440 2 bl 3 3 3 7¢It 2 ¢ 11 1 0
Teet arn: 360 pg ¢ m -
1 06 4 Bl 0 8 4 o0jc 0o % af O o©
2 106 1 b 4 4 ©0jo0 o 8 3 3 0
1+2 200 25 5111 0.4 1 G| 6 3 2 ofjo g 8 4l 0 0
with 35 mix
Nagative eeniro)
1 1i1e] t ¢ o 3 2 9fo 0 ¢ af 6 o
2 e H Gl 0 4 3 ¢, 0 o & a| & O
1+2 200 1.6 [sX13 04 2 &) 6 3% # ojp a0 @ af 6 0
Soteant contrel. delcniszd waler 10 %
1 10D a4 &) 0 2 1 g@6jo & a1 3dj c o
2 105 d ©vf o 4 2 o0j1 @ @ G} o O
1+2 280 85 ] B4 2 o)l o _a & 0l1 a a sl e 0
PosTH2 CONMCE TPA 1.0 |33/ mt
1o 20 1 g4 3 114 &4 3 % e a
2 100 2 Bl 0 2 & 241 6 & 2|6 0
1+2 200 "3 a5 kLX) £ & 1 2 4 315 19 8 3] 50
TestRem: 500 pg ' mi
1 106 1 4 1 4 3 10 0 & L 0
2 jLiid t Bl B a2 3 10 2 80 2|6 O
1+2 200 38 25 ia 2] 1 9 8 210 2 3 o0
Tast Hiam: TS0 g + mi
1 140 i 1 1 2 4 0631 0 1 % G
2 e 9 |l 6 3 3 o]o o o 2l e o
1+8 26 30 28 . 05 i1} 1 2 8 of1 0 1 1t} o
Tzgtzm: 1003 ug fml
1 130 2 @Bl 6 a4 3 ofjo 0 3 3|l ¢ o
2 140 4 [ 1 2 31 040 0 B8 If B O
1+32 pale] 2.0 0 ] 2 0l 1 3 4 ©j0b 0 3 Al & @

.

Abhreviations

indlusive cells carrying exchanges

@ = gap, ig = iso-gap {gaps are achromatic lesions of chromats er chromosome typs where no o< only a
minimal mizalignmznt of chremosomas material is visible), b = treak, ib = iso-break, f = fragmens, i = iso-
fragment. d = gzizstion, i = iso-deleiion, ma = mulsiple abarraticn = more than 4 events in one cell
[exzluding gsps]}, ex = cromatid typs exchange, cx = chiramoscme type exchange, ¢d = caramosomal
disintegraticn {= pulverization)

"The results of the biometric tests tor Experiments I and 11, using the Fisher’s exact test on
cells carrying aberrations exclusive of gaps are presented in the following tables
(provided from the original NDA submission):
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Table 12: Biomelry of Experiment |

Test group vereus Preparalian Sxposure 89milx pevalue
sglveat conirol intena) ’ paricd

TESE Group 750 pgm 18 hrs anms - 2.

’ 1000 jsgimi 18 hes 4hrs - n.c.

. 1360 pgivm 18 s 4hrs - f.e.

* SEO pgimt 18 kB anrs + n.e.

* 758 pgimt 18 hre 4hrs & n.e.

® 1060 pgiml 18 hE 4hrs ¥ a1.c.

Postiive conirol verses negalive
canint

EMS 200 pgiml 18 175 anrs - <B401?
CPA 2.7 pgiml 13 s s + <BaD®

Table 13: Biomeiry of Experiment If

Test groep versus Preparalion Sxposure  89mix Pusiie
soivent corirol Intarval periad

TEE: Croup 1CO pgimt 18 e 13 his - ne

N 200 pgént 16 hrs 13 s - n.e.

* 300 pgémt 18 s 18 hrs - 1o

" 3E0 pgia 28 b 23w - ne:

N 500 pgim 26 kE anms B 2.061

: - 7eapgmi 26 hes ans 3 8163

- 0G4 pgiml 28 % s + n.e.

Positve carirol versus
nzgative contral

S 160 pgiml 1815 13ns - « (8012
S 162 pgim) 28 brs 23hrs - <paot?
CP& 1.0 pgial 2§ hes Ahws + <0301°

n.c. notesiculated as the aberration rate is equal or lower than the control rate
aberraton ratz is siatisticaly signifisant higher than #iz comirol raze

APPEARS THIS WAY
ON ORIGINAL
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Table 8: Structural chromosome aberrsticns Experiment §;
praparafion interval 15 hrs with 89 mix: axposura peticd 4 hrs

SEd2 Cells % ADEMaN: celis Aterains
no. soered el axel.  wihex- | gaps l chromaligtype | chromosometypa | alhar
Qaps  qaps”_channes| @ fg | b f d _ex i ¥ A ox |ma ed
with 85 mix
Nagallve cordrol
1 140 2 ¢f o 1t g 1} 0 a 3|l e o
2 100 1 G| O 1 48 110 0 8 3|l e o
1+2 206 35 24 18 2 &l B 2 # 2/e0 o0 a4 gl b @
Sotent cenlrol: d2lonlsed waler 10 36™
1 06 - 2 11 3 v+ 8 of1 9 1 al o o
2 206 B 0l 6 2 & 235 04 3|t 0O
1+2 44D 45 435 G5 8 1] 5 4 9 214 o t al b o
Poskhi2 confrol: CRPA Q.7 pg ¢ i
Ey 12 1118 11 91§ 2 4 8| 3 ©
2 53 g€ G| = 3 66 2 4 f4} 1 O
1+2 10 £0.0  49.0 156 | 1€ 1] 38 18 a 5] ¢ & al 4 o
Tagt¥am: 580 j3g # mi
1 16 1 ¢t o 4 1 2 0 a 8 32 6 0
2 i + ol o o4 a2 oo ¢ 4 alro b
1+2 200 3.0 28 i3 2 G} 6 0 8 2|0 2 f af @ 0
Teet nam: 750 py t mett .
1 20 3 e| 3 2 g o1 a4 & a3{ e o
2 200 1 G 1 9 ¢ 0jo0 0 9 4 & O
1+2 400 2.33 20 k] 1 Gl & 2 8 0] 1+ 0 o 3|l 6__ 0
Taet 2am: 1608 pg fml
1 100 1 el o a4 g 411 a8 a|le 0
2 e 9 & o 4 8 ofo 3 & 3] O
1+2 200 1.5 18 &5 16} 8 8 3 1] 1 o g &l b O
inclusive cells carrying exchanges
** 20D metaphase plates per culture were evauaied dus ic inhomeg resuis

*** 60 metaphase plales per culture were evaluated due to strong clastoganie sifects

Abbreviations

9 = gap, ig = iso-gap (gaps are achromatic lesions of ciromalid er chromosome typs where no or enly a
minimal misalignmezat of chromosoma! material s visible), b = break, ib = iso-break, f = fragmea, if = iso-
fragment. o = delesion, id = iso-defeiion, ma= multiple abarrsticn {= mere shan 4 events in one cell
[excluding gaps]}. ex = chromatid typ= exchange, ex = dhiromoscme type exchange, ©8 = chromoscmal
disintegraticn {= pulverizaton)

Summary: BN 200 was cytotoxic, reducing cell numbers by >50% at 1500 mcg/ml for 4
hours without S9 mix, and at 1000 mcg/ml for 4 hours with S9 mix. The mitotic index
was reduced at 300 meg/ml, after 18 hours exposure without S9.

No statistically significant or biologically relevant increases in the numbers of cells with structural
chromosomal aberrations were observed in two in vitro assays in V79 cells incubated with BN 200 at
concentrations of up to 1500 mcg/mi for 4 hours and 300 mcg/mi for 18 and 28 hours without S9 mix and
up to 750 meg/ml for 4 hours with S9 mix, when evaluated at 8 and 28 hours after exposure. The rates of
aberrant cells treated with BN 200 were within the historical range and the range observed in the solvent
control cells, although the solvent control aberration rate was increased slightly above historical control
range in the first of the two experiments. In agreement with the Sponsor, this observation is considered to
be a biologically irrelevant outlier. There were no biologically relevant increases in rates of polyploid
metaphases compared to controls, although there was a single increase at 1000 mcg/ml in the presence of
S9 (8.2%) compared to solvent controls (1.7%-3.3%) in the first experiment, which is considered by this
reviewer to be artifact in agreement with the Sponsor. This study was validated by significant and greater
than historical control increases in cells with structural chromosome aberrations by EMS at 100 and 200
mcg/ml and CPA at 0.7 and 1.0 mcg/ml.

Study title: Chromosome Aberration Assay in Bone Marrow Cells of the Rat with BN
200
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Key findings:

¢ BN 200 was negative for clastogenicity in the Chromosome Aberration Assay in
vivo in rat bone marrow cells, under the conditions of this study

* Toxicokinetic parameters were not measured in this study, although the presence
and severity of the clinical signs indicated systemic exposure to the test article

* Validity of the study was supported by appropriately selected doses using pre-test
for toxicity to identify the MTD, appropriate methodology including preparation
and administration of the test article, species and numbers of rats/sex/group, and
tissue sampling and analysis, observation of statistically significant increase in
chromosome aberrations in the cyclophosphamide (CPA, positive control article)
treated rats, and comparisons with rates of aberrant cells in the historical and
negative control rats

Study no.: 550300 (TP2009)

Conducting laboratory and location: {;

Date of study initiation: February 17, 2006 }
GLP compliance: Yes

QA reports: yes(x) no( )

Drug BN 200, lot # Batch No. 06, and % purity: 99%

Methods

Strains/species/cell line: Male and female Wistar rats (_ ] ages
6-10 weeks, mean weights 191.6 g males and 172.5 g females, n=6/sex/group)

Doses used in definitive study: 0 (vehicle), 4, 12 or 40 mg/kg IV (tail vein) in the 24
hour evaluation, and 40 mg/kg in the 48 hour evaluation, at an injection rate of 5 ml/kg,
0.5 ml/minute. :

Basis of dose selection: The doses were selected based on a pre-test for toxicity to
identify the maximum tolerated dose that caused toxicity without mortality. Rats given
BN 200 at 35 and 40 mg/kg IV showed reduced spontaneous activity (all treated rats,
duration 48 hours), abdominal position (all treated rats, duration 6-48 hours), apathy (all
treated rats, 6-48 hours), and convulsions (all treated rats at 10 minutes after treatment,
duration up to 1 hour). A high dose of 40 mg/kg was selected based on these
observations.

Negative controls: Vehicle: 0.9% NaCl solution given IV at 5 ml/kg.

Positive controls: Cyclophosphamide (CPA,_ . j 7.5 mg/kg
IV in males, 12.5 mg/kg IV in females, 5 mi/kg, in 0.9% NaCl solution).
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Incubation and sampling times: The rats were administered Colcemid -

( B2 mg/kg) 2.5 hours before sacrifice to arrest cells in metaphase,
and were sacrificed 24 or 48 hours after dosing with the test and control articles. Bone
marrow cells were collected from the femurs, plated and stained with Giemsa for analysis
of the metaphase cells. The cells were evaluated by light microscopy for chromosomal
gaps, breaks, fragments, deletions, exchanges, and disintegrations. A minimum of 100
metaphases were evaluated per animal. Cytotoxicity was determined by the percent cells
in mitosis per 1000 cells (mitotic index).

Results

Study validity:
¢ Criteria for positive results were a dose-related increase in the number of
structural chromosomal aberrations and a statistically significant response in at
least one test point
* Aberration rate of negative control (excluding gaps) was below 2%
¢ Statistically significant response to the positive control was observed

Study outcome: Clinical toxicity was observed in all treated rats, with deaths in 2 male
and 1 female rat given the highest dose of 40 mg/kg/ IV.

The results of the chromosome aberration assessment are presented in the following table
(provided from the original NDA submission):

Exparimentzl dose preparation p. '| number of cells % aberrant cells nitesic index
group mgkgb.w. | admin hours scored %
incl. gaps  exclh. gaps

0.9 % NaCl- o 24 1000 0.4 0.2 348
soludon
BN 200 4 24 1600 08 0.7 ERLY
BN 209 12 4 1000 13 10 748
BN 200 40 24 1000 8.9 0.7 6.5¢

CPA:; (males) 75 24 1000 30 48 ERa]
{femalos) 125 10.8 hX] 420
BN 200 &) 43 1000 3.8 0.6 4935

The aberration types in each 1000 cells are presented in the following table (provided
from the original NDA submission; Group 1= negative control at 24 hours; Group 2 = 4
mg/kg BN 200 at 24 hours; Group 3 = 12 mg/kg BN 200 at 24 hours; Group 4 = 40
mg/kg BN 200 at 24 hours; Group 5 = CPA at 24 hours; and Group 6 = 40 mg/kg BN 200
at 48 hours):
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grovp | gap | 350- { break | iso- | fTazment isp- deletion | mmbtiple | exchauge chrem.
| %P break frzgment abemation Gisinte-
* exation®*
1 2 i} 1 g 1] 1 9 [4 0 )]
2 1710 1 3 3 1 b 0 0 2
3 3|0 3 3 5 1 0 o 0 9
4 2 9 D] 1 5 0 (] 1 1 D3
S5 | 3 14 7 1 10 2 0 1 8 D}
H 1w | v 15 2 6 1 11 29

§ 2 ] 1 2 0 D) ¢ 0 D]

* Moze than 5 zberrations excluding gaps in on2 cell; exchsnges (bwt 1o osher abemrations) wers recordad separately
*+ Pulverizador

A slight decrease in mitotic index compared to control was observed in the 48 hour
exposure (40 mg/kg BN 200), and therefore BN 200 is considered to be only slightly
cytotoxic in this assay. There were no biologically relevant or statistically significant
increases in aberration frequency by BN 200 compared to the negative control value.
There was one exchange figure and one multiple aberrant cell at the 40 mg/kg dose level
(24 hours after treatment), that are considered to be spontaneous due to the single
occurrences. BN 200 is considered to be negative for clastogenicity, having induced no
chromosome mutations in the chromosome aberration test in rat bone marrow cells under
the conditions of this assay (table provided from the original NDA submission).

Study title: In vivo/in vitro unscheduled DNA synthesis in rat hepatocytes with BN 200

Key findings: v
* BN 200 was negative in the Unscheduled DNA Synthesis assay in rat
hepatocytes, at up to maximum tolerated doses (MTD based on preliminary
toxicity evaluation) of 35 mg/kg IV and 350 mg/kg PO (gavage) under the
conditions of this study.
* This study is considered to be valid, based on standard criteria for the assay.

Study no.: 584900
Conducting laboratory and location: [ i M| b(4)

Date of study initiation: April 8, 1997

GLP compliance: Yes

QA reports: yes(x) no()

Drug BN 200, lot # Batch No. 07, and % purity: 99%
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Methods

Strains/species/cell line: Male Wistar Hanlbm rats Cz j_ ages 6- b(4)
10 weeks, mean weights 193 g, n=5/test group).

Doses used in definitive study: Test article was dissolved in 0.9% NaCl solution for

. intravenous (IV) administration at 5 ml/kg at 0.5 ml/minute, and orally (PO by gavage) at
10 ml/kg.
The following doses were administered (values represent animal identification numbers,
table provided from the original NDA submission):

Test group ' hours after treatment. hours afier treatment
2h 16h
A oral intravenous oral | intravenous

Vehicle control 11-15
Test article 3.5 mgiks baw. ’ 21-25
Test article 35 mgkg bow. 6-10 . 16-20 31-35
Test article 350 mo'ke b.w. i-5 26-30
Positive control 36-40

Basis of dose selection: The doses were selected based on a preliminary toxicity study in
which the rats were administered BN 200 orally and intravenously and evaluated for
toxicity at 1 and 24 hours after dosing. Treatment with 40 mg/kg IV BN 200 resulted in
reduced activity, tumbling, apathy, tremor, dyspnea, and deaths in two animals in the first
hour after dosing. A dose of 35 mg/kg IV produced reduced activity, apathy, tremor, and
bloody nose; no deaths were observed in this group. Oral dosing with BN 200 resulted in
reduced activity, apathy and deaths at doses of 500 and750 mg/kg. At the 350 mg/kg PO
dose, reduced activity, eyelid closure, and apathy were observed. The maximum

tolerated doses in the toxicity assay were 350 mg/kg PO and 35 mg/kg IV.

Negative controls: 0.9% NaCl solution vehicle

Positive controls: 2-acetylaminofluorene (2-AAf, C ' N J b(4)
U _} purity 99%, in dimethylsulfoxide/polyethylene glycol 400 (1+9), 100
mg/kg PO, 10-ml/kg). '

Incubation and sampling times: In the main experiment, the rats were administered BN
200 (tapentadol) by the intravenous and oral route, oral solvent control and oral positive
control articles as described under Doses Used, above. The rats were sacrificed 2 (at 35
mg/kg IV and 350 mg/kg PO) and 16 (at 3.5 and 35 mg/kg IV and 35 and 350 mg/kg PO)
hours after treatment. Primary hepatocytes were isolated from each animal for
incubation, labeled with *HTdR (5 mcCi/ml, specific activity 20 Ci/mmol), and incubated
overnight. The cells were fixed with methanol: acetic acid on cover-slips, mounted and
coated with photographic emulsion. The emulsion was developed after 12-14 days, and
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the cells were fixed, stained with haematoxylin/eosin, and evaluated microscopically.
Evaluation was conducted on 2 slides per animal/50 cells per slide.

Results

Study validity:

e Number of silver grains in the nuclear area was counted by automated counter

e 2 slides per animal/50 cells per slide were evaluated :

¢ Criteria for positive response was an increase in mean number of net grains to
greater than 5/cell at any test point

* Historical control values for negative controls = 5.63 nuclear grains 9range 0.02-
9.92) and -4.45 net grains (range -0.01 to -12.29)

¢ Historical control values for 2-AAF = 52.91 nuclear grains (range 18.02 to
107.84) and 37.72 net grains (range 8.38 to 92.43). .

Study outcome: There was no significant effect of BN 200 on the viability of the
hepatocytes at the doses tested. The percent viability ranged from 70% to 87% in all
groups. The results of the UDS mutagenicity study in rat hepatocytes are presented in the
following table (provided from the original NDA submission):

Group Dosefroute | Periad {h) Grains per nucleus Grains per cytoplasmic Net grains per
{mglkg) {mean + SD) * area({mean + SD) niucleus {mean + SD)
8N 200 350 PO 2 7.87 + 3.57 1323+ 534 -5.36+ 3.00
BN 200 BV 2 . ©73+338 10.20 + 4.87 402 3 3.55
Solvent O0PO 18 5.82 4 2.64 0544379 3724 3.38
BN 200 35 PO 18 6.60 2 3.09 10.72+ 414 -4.06 + 3.64
BN 200 _ 35N 18 7.54 + 3.07 1240 2 4.67 .88+ 4.40
BN 20D 350 PO 15 £.32 4 3.49 8.08 » 3.31 2.78 4 2.88
BN 20D 351 18 6.89 4 3.11 12.48 + 4.53 -5.60 + 4.18
2-AAF 10¢ PO 15 27.25 1 12.21 882+ 376 1881+ 11.20

No UDS induction was observed in the hepatocytes of rats given BN 200 or vehicle
control, at 2 and 16 hours after treatment. In comparison, the positive control article 2-
AAF significantly increase the number of nuclear and net grain counts, indicating DNA
_ repair synthesis in response to DNA damage.

3.4.5. Carcinogenicity

-Summary: Tapentadol was negative for carcinogenicity in 104-week studies in mice and
rats (see ExecCAC Meeting Minutes of August 26, 2008, Appendix 1).

Male and female CD-1 mice were administered tapentadol by oral gavage at doses of 50-
200 mg/kg/day for 2 years, with dosing adjustments as described below. The results of
histopathology examination showed a statistically significant increase in hepatocellular
carcinomas in the HD males (8% incidence, 4/51 at 200 mg/kg/day compared to 1/51,
1/51, 0/51, and 0/51 at 0, 0, 50 and 100 mg/kg/day, respectively), that was found not
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statistically significant by Agency statistical analyses for this common tumor type in
mice. There were statistically significant trends for subcutis sarcoma in male mice.
However, there were no statistically significant treatment-related increases in any dosed
group compared to concurrent controls. Historical control data suggested that the tumor
incidences are within the background for the strain in this laboratory.

The carcinogenicity study in mice used an adequate number of animals and parameters
evaluated. The doses were based on the results of 13-week dose range-finding study in
mice, in which the proposed MTD was estimated to be between the doses of 200 and 300
mg/kg/day. The dosing in the pivotal study followed ExecCAC recommendations for
addition of a second HD group, dosed initially at 200 mg/kg/day for 13 weeks, with
addition of a HD group given 300 mg/kg/day to determine if the higher dose could be
tolerated for the next 13 weeks and subsequent dose reduction if excessive toxicity was
observed (see ExecCAC letter of December 11, 2003). The HD male and female mice
were terminated in Week 92, due to low survival. Dosing was terminated in the MD2
males from Week 100 and in the MD2 females from Week 99 to the end of the planned
dosing period, due to excessive mortality (survival of 20). The 100 week duration of
treatment is sufficient duration to detect neoplastic and pre-neoplastic changes indicating
oncogenicity. No peer review of the histopathology examination was conducted.
Historical control data were provided for comparison. Exposure at the high dose
represented approximately 1.4 times the clinical exposure to the parent drug and
approximately 8.4 times the clinical exposure to the glucuronide metabohte at the MRHD
of 600 mg/day, on an AUC basis,

Male and female Wistar rats were administered oral tapentadol by admixture in the diet,
at daily doses of 10-250 mg/kg/day for 104 weeks. The results of the histopathology
evaluation showed slight non-statistically significant (compared to controls) increases in
the incidence of hepatocellular adenomas in the high dose females (2/49 vs 0/50 in each
of the control groups), and one additional hepatocellular carcinoma in the ‘high dose male
rats (2/50 vs. 1/50 in each of the control groups). Agency statistical analyses detected
positive trends in the incidence in female rats in liver hepatocellular adenoma (p<0.025,
incidence 0/100, 0/50, 0/50, 1/50 and 2/50 at 0, 10, 50, 125, and 250 mg/kg/day,
respectively). There was a statistically significant dose response for increased liver
adenomas + carcinomas in the female rats, but no statistically significant increases over
controls in any treated group. Historical control data suggested that the tumor incidences
are within the background for the strain in this laboratory.

There was a minimal but statistically significant (p<0.005) increase in centrilobular
hepatocellular hypertrophy in the MD2 (125 mg/kg/day) and HD (250 mg/kg/day) male
and female rats. The histopathology findings in the liver are likely related to chronic,
adaptive response associated with treatment-related increased metabolic enzyme
activities, in agreement with the Sponsor. Increased follicular cell hypertrophy and focal
follicular hyperplasia in the thyroid was observed in the HD females, probably resulting
from chronic, enhanced liver enzyme activities and hypertrophy, in agreement with the
Sponsor.
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The carcinogenicity study in rats used an adequate number of animals and parameters
evaluated. The animal caging, in groups of five instead of singly in this dietary study
was substandard and may have contributed to the high variability in tapentadol exposure
observed in the toxicokinetic analyses. Toxicokinetic evaluation confirmed exposure to
the test article. The short half-life (0.5-1 hour) may also have played a role in the
observed exposure variability, if the rats ingested study drug at variable times before TK
- sampling. The doses were acceptably chosen, based on the results of 13-week dose
range-finding study in Wistar rats, in which the proposed MTD was estimated to be 250
mg/kg/day. The dosing in the pivotal study was consistent with ExecCAC
recommendations and concurrence. Sufficient numbers of rats survived to the end of the
104-week treatment period to detect non-neoplastic and neoplastic changes to evaluate
oncogenicity. Historical control values for the laboratory were provided. )

The high dose exposure represents approximately 0.7 times in the male rats and 2.7 times
in the female rats the exposure to the parent drug associated with the maximum
recommended human dose (MRHD) and approximately 27 times in the male and female
rats the clinical exposure to the glucuronide metabolite at the MRHD of 600 mg/day, on
an AUC basis.

Study title: CG5503: 104-Week Oral (Gavage) Administration Oncogenicity Study in
the Mouse

- Key study findings:

» CG5503 (tapentadol), administered by oral gavage for 92-104 weeks at up to the
maximum tolerated dose of 200 mg/kg/day was negative for carcinogenicity in
CD-1 mice, under the conditions of this study

* Statistically significant increase in mortality at 100 and 200 mg/kg/day in male
mice

* Slight increase in incidence of hepatocellular carcinomas in the high dose males
(statistically significant at p<0.05), with 4/51 (incidence 8%) at 200 mg/kg/day,
compared to 1/51, 1/51, 0/51 and 0/51 at 0, 0, 50, and 100 mg/kg/day,
respectively, compared to 2.46% incidence in the historical control tumor
incidence data for this laboratory; however, this is considered to be a common
tumor in mice and was found not significant (p=063 for the trend value and

=0.021 to 0.558 in 3 pairwise comparisons) by Agency statistical analyses

¢ Agency statistical analyses detected the following results:

o Trend toward increased hepatocellular adenomas in the female mice

o Statistically significant dose response for liver adenoma + carcinoma in
the male mice, but no statistically significant differences from control in
the pairwise comparisons

o Trend toward subcutis sarcoma in male mice

o Trend toward increased ovarian benign granuloma cell and luteoma
tumors in female mice

» Steady state exposure at 200 mg/kg/day PO (AUC.2¢ = 633 ng.h/ml in F and 763
ng.h/ml in M, mean = 700 ng.h/ml) represents approximately 1.4 times the
clinical exposure at the MRHD of 600 mg/day (AUC = 494 ng.h/ml)
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» Exposure to the glucuronide metabolite in the mice represented approximately 8.4
times the clinical exposure to the metabolite at the MRHD

Adequacy of the carcinogenicity study and appropriateness of the test model: The 2-year
carcinogenicity study on tapentadol in CD-1 mice was conducted under GLP, received
proper quality assurance inspections, and used an appropriate test model with adequate
number of animals evaluated per dose. Standard parameters were measured, at
appropriate time intervals. The oral gavage route of administration was used in
agreement with the proposed indication for oral clinical treatment, and the vehicle,
physiological saline was appropriate. The doses were supported by previous 13-week
dose selection study results, and received concurrence by the ExecCAC for the starting
dose range and mid-study dose escalation. Dual negative control groups were used.
Although the mid-dose and high dose mice were terminated early (HD in Week 91, MDF
in Week 99, and MDM in Week 100), the treatment petiod in these animals was
sufficient to detect potential pre-, non-, and neoplastic changes in the histopathology
examinations at 105 weeks after the start of dosing. Percent survival to the end of the
intended dosing period was adequate for statistical evaluation. All animals including the
premature sacrifices and mice found dead were examined microscopically.
Histopathology was not peer reviewed. Toxicokinetic evaluation of systemic exposure to
the parent drug and main glucuronide metabolite was conducted in an appropriate number
of satellite animals and the results, demonstrating adequate exposure to both agents were
submitted with the study report. Historical control data for the laboratory were provided
for comparison.

Evaluation of tumor findings: There was a slight but statistically significant (p<0.05,
Sponsor analysis) increase in the incidence of hepatocellular carcinomas in the high dose
males, with 4/51 (incidence 8%) at 200 mg/kg/day, compared to 1/51, 1/51, 0/51 and 0/51
at 0, 0, 50, and 100 mg/kg/day, respectively. In the historical control tumor incidence
data for this laboratory, the incidence was 2.46% (23 of 934 male mice evaluated).
Agency statistical trend analyses and pairwise comparisons for hepatocellular carcinomas
in the males revealed no statistically significant increases. There were statistically
significant trends for subcutis sarcoma in male mice. However, there were no
statistically significant treatment-related increases in any dosed group compared to
concurrent controls. There were no other treatment-related tumor findings in the mice.
Historical control data suggested that the tumor incidences are within the background for
the strain in this laboratory. Tapentadol can be considered to be negative for
carcinogenicity in CD-1 mice, under the conditions of this study. The highest dose tested
represented approximately 1.4 times the clinical exposure to the parent drug and
approximately 8.4 times the exposure to the glucuronide metabolite at the MRHD of 600
mg/day tapentadol, on an AUC basis.

Study no.: TP2518(C  _Ktudy Number 1017/022) 7

Conducting laboratory and location: {__ . L

c .. | | R b(4)
4 | | a1

Date of.study initiation: March 9, 2004
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GLP compliance: Yes

QA report: yes(x ) no( )

Drug CG5503 (Tapentadol), lot # (Batch) EOOOl/ 10, and % purity: 100.2%
CAC concurrence: Yes

Methods

Doses: The following dose schedule was used (table provided from the original
NDA submission):

Group  Group Dose level Animal numbers
description (mg/kg/day) Main study Satellite study
) Male Female Male Female

1 Control 1 0 1-51 307-357 613-624 724-735

2 Low 50 52-102 358-408 625-645 736-756

3 Intermediate (I) 100 103-153 409-459 646-666 757-777

4 Intermediate (I}  200% 154-204 460-510 667-690 778-80t
200 (Wks 1-13)

S High 300 (Wks 14-28) gggzggn gggg;_ 691-714  802-825
200 (Wks 29-91)** T v

6 Control 2 0 256-306 562-612 715-723 826-834

# dose escalation animals were administered the increased dose levels at Week 14 and 27 in advance of the main study
and satellite animals

* * a5 the number of surviving Group 4 males fell to 20 in Week 100, the remaining Group 4 males were retained off-
dose for the remainder of the study
*2 All surviving Group 5 animals were subject to early termination from the study in Week 92, since Group 5 reached a
fevel cansidered insufficient for the continued viability of this group.

Basis of dose selection: MTD, based on 13-week dose selection study_ j
Study 1017/021); the results showed convulsions and death in 1F at 300 mg/kg/day, one
minute after dosing, and convulsions in 2F and 1M within 10 minutes of treatment at this
dose, resulting in sacrifices in extremis. The remaining mice at the 300 mg/kg/day dose
level showed hyperactivity. The results at the remaining doses of 10, 30, 100, and 200
mg/kg/day showed dose-related clinical chemistry changes and increased liver weights.
The doses selected for the pivotal carcinogenicity study, based on these findings, were
50, 100 and 200 mg/kg/day. Agency recommended increasing the HD in the
carcinogenicity study to 300 mg/kg/day after 13 weeks treatment at 200 mg/kg/day if
tolerated. The HD was increased to 300 mg/kg/day in the carcinogenicity study after 13
weeks at the lower dose, but reduced to 200 mg/kg/day after increased mortality was
observed with dose escalation.

Species/strain: C' , &mlce (C_

N umber/sex/group (main study): 51/sex/dose, total randomization procedure
used for treatment group assignment.

Route, formulation, volume: Test article dissolved in physiological saline (0.9%
w/v NaCI{__ "} administered by oral gavage at 10
ml/kg/day )

Frequency of dosing: Once daily

Satellite groups used for toxicokinetics or specxal groups: 20/sex/dose for TK
evaluvation

' Age: 6-7 weeks at start of dosing
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Weights: 25.9-37.3 g males and 20.5-28.3 g females at the start of dosing

Animal housing: The mice were housed 3/cage, in a temperature (19degC-
25degC), humidity (40%-70%), and air flow (15 changes/hour) controlled animal room,
with 12-hour light-dark cycle. A

Restriction paradigm for dietary restriction studies: None. The mice were.
provided food {__

. Tand water ad libitum.

Drug stability/homogeneity: Formulation stability and homogeneity analyses
performed (3 samples each from the top and bottom of each batch) in Weeks 1, 13, 14,
26, 39, 52, 65, 78, 91, and 104. The results showed concentration levels of 92%-105%
nominal. Certificate of analysis provided;

Dual controls employed: Yes

Interim sacrifices: No.

Deviations from original study protocol: Dosing was terminated in the group 4
males from Week 100 to the end of the planned dosing period, due to excessive mortality
in that group (survival of 20). The Group 5 male and female mice were terminated in
Week 92, due to low survival. Group 5 animals were dosed at 400 mg/kg/day from Week
27 until Week 29, and then were returned to the 300 mg/kg/day dose after FDA review of
data collected at 300 mg/kg/day.

Observation times:

Mortality: Checked twice daily

Clinical signs: Observations daily at 0 (immediately) after, and 0.25, 0.5, 1, 2, and 4
hours after dosing, with weekly detailed physical examinations including palpitation for
tissue masses.

Body weights: Immediately prior to first dose, and weekly for 16 weeks, then once
every 4 weeks until the end of the study.

Food consumption: Weekly for 16 weeks, and every 4 weeks thereafter until the end of
the study.

Ophthalmoscopic examination: Baseline, and Weeks 52 and 104

Clinical pathology: Week 105; blood samples (0.5 ml) from 10 mlce/sex/group, and all
surviving HD animals in Week 91 for evaluation of standard hematology, bone marrow
smears and clinical chemistry parameters.

3o g

T A

Group 5 mice were terminated early in Week 91; dosing was terminated in the Group 4
male mice in Week 100 and Group 4 female mice in Week 99, but these animals were-
retained for sacrifice at the end of the intended dosing period. All animals, including
premature sacrifices and mice found dead before the end of the study were included in
the histopathology evaluation.

Histopathology: Peer review: No. Study Pathologist {" 1
T S oo T T T : i
—

The following tissues were examined: adrenals, aorta, bone marrow smear (femur), brain
cecum, colon, duodenum, eyes, femur with bone marrow and articular surface, gall
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bladder, gross lesions, Harderian glands, head, heart, ileum, jejunum, kidneys, lacrimal
glands, larynx, live, lungs with mainstem bronchi, mammary, mandibular lymph nodes,
mesenteric lymph nodes, muscle (quadriceps), nasal cavities, nasopharynx, optic nerves,
esophagus, ovaries with oviduct, pancreas, parotid gland, pituitary, preputial/clitoral
gland, prostate, rectum, salivary glands, sciatic nerves, seminal vesicles, skin, spinal cord
(cervical, lumbar, thoracic), spleen sternum with bone marrow, stomach, testes with
epididymides, thymus, thyroids with parathyroids, tissue masses, tongue, trachea, urinary
bladder, uterus, vagina, and Zymbal glands.

Toxicokinetics: Blood (0.5 ml collected by orbital sinus puncture under halothane
anesthesia) sampled from 3 satellite (TK) mice/sex/dose/time-point, at 0 (pre-dose), 0.25,
0.5, 1,2, 5, and 8 hours after dosing, in weeks 4, 13, and 26, for analysis of plasma
CG5503 and CG5503-glucuronide.

Results

Mortality: Dose-related increase in deaths during the study in the male and female mice,
statistically significant in the MD1, MD2, and HD males and in the HD females
compared to controls. The incidence of deaths during the dosing period (found dead and
sacrificed in extremis), and percent survival at the end of the intended dosing period at

104 weeks are presented in the following table (provided from the original NDA
submission):

. Daily dose (mgg) £ (Conaoy 0 {Control} B © 1o X0
Sex M 2 M I M E M 34 M E
<wnber of animals ’
Atstart 51 51 51 31 51 51 51 51 51 51
Died or sacrificed moribund 5 35 18 37 27 34 31 30 31 34
Terminal sacrifice 26 16 33 14 23 17 20 21 20 1?7
Survival (%) 51 3t 63 a8 47 33 39 4 39 33

Group survival is presented in the following figures (provided from the original NDA
submission):

APPEARS THIS WAY
ON ORIGINAL
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Group survival — males
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Clinical signs: No treatment-related clinical signs observed.

Body weights: No treatment-related effects up to 200 mg/kg/day, although there was a
slight reduction in BWG in Group 5 males from Weeks 13-28 at 300 mg/kg/day. Group
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mean differences, in % difference from Group 1 control body weights at the end of the
study, were +0.9%, +0.9%, -2.1%, and +0.2% in the males, and -2.6%, -3.9%, -10.0%,
and -5.1% in the females, at 0 (Control Group 2), 50, 100 and 200 mg/kg/day,
respectively.

Food consumption: No treatment-related effects: Mean group food consumption, as a
percent of Group 1 control values, was -3.6%, -15.9%, -6.9%, and +21.9% in the males,
and +6.1%, -4.2%, -9.4%, and -4.2% in the females at 0 (Control Group 2), 50, 100, and
200 mg/kg/day, respectively.

Ophthalmoscopic examination: No treatment-related effects.

Clinical pathology: No treatment-related effects.

Gross pathology: There was a slight treatment-related increase in the incidence of dark
lungs in the HD females that received dose increases from 200 to 300 mg/kg/day with
subsequent early termination. The macroscopic data on these findings in the decedents

and terminal kill mice are presented in the following tables (provided from the original
NDA submission):

Growp inciderce i dava - &
Tast axticle Lonzrol jacaiie Termeol .
oo i & £ &
i~ Taael (mgdicyidant ¢ 50 103 23] Z30/300/200 3
i . FRENEED: (50007
e PAGE: 12
- STTd HRELR: 101573
~— NTEBER-OT-AWIMRLLE-RFTESTED —
TEE DEUESS:
ZERALL ROV RS L =0 N 33 2002
TERTEFD, M, A SORSETALL

CRGRN BT YOS (R FHRASE

27 3 ¥ & 18 3}¥T & W 3% &7

2 e T 12 2 i 13 4 13 8

2 & 1 3 -3 & 1 bl Q < S

2 9 1 9 L o 2 2 oz 2

b 3 1 iz 1 z 2z 1 T2

1 z < 2 & 1 2 3 2 2 3

2 H 5 2 @ H 2 i i & ¢

3 3 € 3 =z 2 2 s 4 1 L2

9 9 ] H 1 1 i90 &9 4

2 z L9 9 s % i g 1 i 3

9 ] I o g : 2 9 o3 i

1 0 P ¢ 2 3 1 g 2z 0

3 0 1 J 0 ! 1 z2 & 2 i 3

2 - 2 09 i b 2 i [ z

3 0 9 0 [ 9 9 1 1 4

3 L 1 3 0 o : 9 o 9 9

i i Z 9 - ¢ 3 g 9 &3 0

LTIE 2 9 : 9 9 e 3 9 i ¢ 2 -

¢ 3 bl o9 i ¢ : 9 Q ¢ 9 ]
TREINAR SUREEE 3 0 < g 2 1 3 bl ] £ 009 3
2T ] g 9 9 o 1 9 ¢ T2 0
o 1 et eecensdaieaaaeeecaaanen MGR EEMDED: 25 27 31 & & 1 3 &% 30 3% 8 &7
e 2 i 4 2 i o 2 1 L [ 9
B Toae 9 a &9 o o 1 9 L [ J
= 1 9 < 9 ) I > 2 0 [ 9
=32 9 a 1 ) D ] z 0 [ b3
LSGE D] 4 I 3 o] e '3 9 Q & a2 9
EALS D] 2 203 a R a 9 ¢ 3 i
ol ol D] a < 9 3 T 3 3 2 &2 9
LS TOCE 3 z o J 3 Z D] L ¢ 9 0
=3 a9 i z 9 o2 2 bl o ¢ 9 )

201

h(4)



Reviewer: Kathleen Young, Ph.D.

Group incidence macroscopic data — texminal kill
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Histopathology:

Non-neoplastic: There was a higher incidence of corticomedullary vacuolation in
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the adrenal glands of HD females following dose escalation to 300 mg/kg/day and
subsequent early termination. The Group incidences of these findings in the decedents
and terminal kill mice are presented in the following table (provided from the original

NDA submission):

Group incidence microscepic data — non-neaplastic data — decedents
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Group incidence microsecapic data — non-neoplastic data — terminal kill
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Neoplastic:

e Increased hepatocellular carcinomas in the males at the HD (statistically
significant at 5% level by the Sponsor)

e 4/51 (incidence 8%) at the HD of 200 mg/kg/day, compared to 1/51, 1/51,
0/51, 0/51, at 0, 0, 50 and 100 mg/kg/day, respectively

» For reference, background (historical control) incidence of hepatocellular
carcinoma in male CD-1 mice for the laboratory is 2.46% (23/934 males
evaluated)

e Agency statistical analyses showed no statistical significance in a trend test
(p=0.063) and in the pairwise comparisons (p = 0.021-0.558 in 3
comparisons) for hepatocellular carcinoma in the male mice.

* Agency statistical analyses detected positive trends in the incidence of
skin+subcutis sarcoma-NOS in male mice (p=0.0214 in the Peto test and p+0.054
in the poly-3 test).

The incidences of neoplastic findings are presented in the following table (provided from
the original NDA submission):
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Daily dose (mg/kg)
Sex
Number evaloated

Number of ansmals with neaplastic
Jesionss
SLSI0N3:

Skin and subcuris
benign histioeytoma
squamous cell papitioma
‘benign hair follicle tumor
squamous cell carcincmo
malignant fibrous histiocytoma
osteosastoma

sarcoma - NOS
Mammary gland: no esamined
adenocarcinoma
Muscle: shabdomyosarcoma
Femur: osteoma
Stenuns: hemangioma
Liver
hepatocellular adenoma
bemangioma
hepatoceliular carcinoma
histiocylic sarcoma
hemangiosarcema
Spleen: hemangioma
Pancreas: istet cell adenomo

Daily dose (mg/kg)
Sex
Stomach no. evatuated
adenoma
squamous celf papiftoma
adenocarcinoma
Ducdenuni no evaluates
osteosarcoma
Adrenal no evalnated
subcapsular cell adenoma
benign pheochromocytoma
Kidaey no. evaluated
tubular cell adesomy
Nuonber evaluate:
Testes
ete 16545 adenomn
interstitial cel] adenoma
Ovary
benign thecoma
benign luteoma
cystadenoma
Urinasy Lladder no evahuates
* wansitional cell papilloma
Prostate: adenccarcinoma

0.(Control)
M E
5t st
[ [
0 0
[} [}
0 1
[} 0
0 0
1 0
0 47
. 3
[} [
° 1
[ 2
3 0
1 0
1 [}
1 1
1 0
0 [}
0 0
0 (Contio)
M E
50 51
[} 1
0 [}
13 16
0 [
50 51
4 2
0 [
51 51
0 [
51 51
0 -
0 .
- [
- 2
- 2
51 50
[) [}

atrol!
M E
51 31
0 0
] 0
0 0
[ 4
1 0
1 0
0 0
0 51
- t
0 0
4 0
0 [}
5 0
3 1
1 1]
o 1
0 0
] 0
] 1
0 {Control}
M E
st 31
0 0
0 0
47 45
0 0
51 st
1 o
0 0
5t 51
0 ]
51 51
0 .
1
- 1
- o
- 2
s1 30
L] 0
0 - -
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E M E
51 51 51
1 0 0
0 [ 0
0 (1] 0
] 0 0
0 0 0
0 0 0
0 3 0
50 0 48
1 - 1
1] ¢ ¢
0 ¢ 0
o 0 0
0 5 [)
D] 1 0
0 4 [1}
1 1 L]
1] 1 0
1 0 0
1 ¢ 1
100 200
E M. E
50 48 49
0 0
1 1]
41 32 39
° ¢ 0
51 50 3
[ 2
0 0 L)
50 49 49
0 0 0
51 b3 31
- [ -
. 2 -
0 - 0
1 - 1
0 - 1
13 48 45
0 1 0
. [ -
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Daily dose (mg/ky)
Sex
Number evaluated

Uterus
stroma) polyp
leiomyoma
hemangioma
histiocytoma
adenocarcinoma
stromal sarconmia
lelomyosarcoma
hemangiosarcoma
histiocytic sarcoma
Uterus .
stromal polyp
stromal sarcoma
hemangiosarcoma
Lung
bronchiolo-alveolor ndenoma
bronchiolo-atveolar carcinoma
Tongue: squamous cell popiliomaa
Thyroid ao. evaluated
folficolar cell adenoma
Pituitary: adenoma

Brain: moligannt meningioma

Daily dose (mg/kg)

Sex

Numbey ¢valuated
Ham / tymph / retic

1: fenoh 1 B

12 ymp P )
. malignant lymphoma-tymphocytic
Conmneciive lissue no. evaluated
histiocytic sarcoma
Tail no. evaluated
sarcoma — NOS
: bemangiosarcoma
Ozl cavity no. evatnared
osteosascoma
Bone: esteoma
Foot /1eg 5o evaluated
squamous celi pappitloma
fibroma

inflammatory myofibroblastic
Tumor

Haxderien gland no. evaluatad
adegoma
adenocarcinoma

Spinal coluan no. evatuated
osleocsarcoma

0 (Control)
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- 0 .
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3 3
0 ¢
50 51 439
1 0 0
0 4 0
1 0 0

1] 1) 30
M M
51 51 51
0 0 0

3 9 7
0 1 1
2 3 -3
0 0 1
9 13 14
] Qo 1
[ ¢ 0
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4 0 [
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100 200
E M E
st 51 51
3 . 1
3 - 1
1 - 2
0 - 0
0 . 1
1 - 1
0 - 0
0 . 0
3 - 2
0 R )
t . 0
0 - 1
6 12 7
4 2 1
[} 0 [}
49 5t 51
0 [ o
2 0 2
0 0 0
100 200
E M E
51 51 st
0 ¢ 0
7 0 7
2 1 0
0 2 0
0 0 0
10 12 12
) 0 1
0 1 0
1 0 0
1 0 0
1 o 1
) ] 0
0 0 1
0 0 0
° 0 1
0 0 °
0 0 1
0 0 0
0 0 o

Historical neoplasm data for male and femal¢” T:CD-I(ICR) mice in control groups

from 104-week oral (gavage and dietary) studies conducted at_

“Yfrom 2000-2007

are presented in the following tables (provided from the original NDA submission):

APPEARS THIS WAY

ON ORIGINAL
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1 (&)

-

Tncidence inchiding merged tumour categories
Control fumonr incidence data — Carcinogenicity stadies: 2000 - 2007
Weeks: 104: Diet'Gavage dosed, Mnltiple boused, Ad-lib diet

Soudies Combined P Minimmm/Masimim
‘Incidence of- Range across individual
¢ individual  Tumourimerge category studies
! hmows | Tneidence ) (%)
i M M F F
Tissue Merge category / tumour fype M FiM FIiM % F % iMin Max Mn Mx
Abdominal cavity 1o, : =
M-sarcoma - nos i 201 el 2 62:080 08 00 10
Adrenal Yo Evar 938 980 :
B-cortical adenoma 1 0 &t o1 0 060 06 1.0 00 00
B-subcapsulor cell adi .30 9 .50 54 9 09 .15 108 00 46
Adrenal:medullary tumouns . .0 00 4 o04:00 00 08 20
B.benign phaeochromocytoma HICERE H
M-malignant newroblastoma H R
Bone Nofomr § 18
B-ossifying fibroma 1 1 of 1 01 97 090 08
Brain No. Exam: 931 986 : :
M-malignans oligodendrogti 0 1 0 06 1 0100 08 00 08
Brain/spinal cord: meningeal tamours 302 0 64:00 15 00 0.0
B-benign meningiona 1 0
M-malignant meningioma . 2 [
; Sudies Combined § Miu Afac
:Incidence of Range across individual
individual  Twmow/merge category - studies
. nmours Incidance (%)
iM M F F
Tissue Merge category / imoir fype M F:M F'M % F % ‘Mo Max Min Max
Caccm ) No. Exant 817 901 )
B-lejomyoma 1 0 1 01 0 60 00 L7 00 08
Colon No.Exanr 879 957! { i
Colon: adenoma/carcinoma i 1 o1 1 or 006 10 00 1000
B-adenoma : [
M-adenozarcinoma 1 0
Connective tissue . No.Exanr 51 38 R
M-sarcoma - nos ;0 i1 0 69 1 01 00 00 00 08
Gall bladder No. Exax: 900 87 H
B-papilloma S 2 2 83 ) 62700 26 06 10

APPEARS THIS way
ON ORIGINAL
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H Srudies Combined | MinimumMaximem
:Incidence of Range across individnal
: individual - Tumewrimerge category studies
I fmours Tcidence (%6)
‘M M F F
Tistne Merge category / Huow type M F:M F:M % F % iMn Max Mn Mx
Haemolymphoreticuar No. B 935 086 : :
M-granulocytic leukaemia M8 M L5 8 4800 26 00 20
M-histiocytic sarcoma (28 .2 02 8 0800 14 00 20
M-eukaemia - nos 1 11 01 1 61 00 08 00 o8
M-malignani mast cell fmour .4 0 4 04 0O 00:00 L3 00 09
Haemolymphoreticular: lymphoid ¢ . 96 193 196:49 186 118 204
M-lyraphocytic deukaemia ] 1 i
M:lymphocytic Jeukaemia S U O
M-malignant lymphoma - lymphocytic ; 3756 g i
M-malignant mphona - nos P00 10
Momali Tymphoma - pl . 1t 0
Memali lymiphoma - pl phi C51 16 _
Memalignant lymphoma-lymphob s 9
Farderion gland No. Exam 969 364 ;
B-ndenoma 62 39 62 132 3% 84 00 150 00 133
Teo-caecal junction No. Exarz. 9% 106
M-adenocarcinoma i 0 1 11 0 06 00 03 00 00
; Seudies Combined 1 Mo A
‘Incidence of Range across individual
! individual Tromowimerge category studies
I tumours Incidence (%)
: tM M F F
Tissue Merge category / tumoiw iype M F:M F:M % F % iMn Max Mn Max
Tejumm No. Exam: 834 917 ] j
M-adenocarcinoma i 0 1 01 0 00 00 09 00 00
Kidney No. Exam 032 083 ' .
B itional cell papilloma 1 0 1 01 0 60.00 B9 00 00
Kidnev: tubular cell tumours 4 04 3 03°08 29 09 20
B-tubular cell adenoma .10 :
M-tubular cell carcinoma i3 3
Tayms Vo. B 337 398
Mesquamous cell carcinoma 1 0 1 63 0 460 00 09 00 00
Liver No. Exeny: 934 937 .
B-ito cell imour 1 ¢ 1 6r 0 00,00 07 00 00
M-cholangjocarcinonna 1 ¢ 1 61X 0 00 00 08 00 00
Liver: hepatocellular tamours ; 42 152 24 24 078 275 00 85
B-hepatoceliular adenoma (1172 :
B-hepatocholangioceliular adenoma P20
M-hepatoceltular carcinoma 332
M-malignant hepatoblastoma -0 i

APPEARS THIS WAY
ON ORIGINAL
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H Swmdies Combined i MininemmMaxioum
iIncidence of. Range across individual
¢ individual  Tumowrimerge category - studies
I huours Incidence (%0}

iIM M F F
" Tissue Merge category / fumowr type M F: M F:!M % F % iMun Max Min Max
Tmg o, Examr 935 087 g ;
Lung: alveolar epithelial tumours T3} 248 160 1627203 345 124 2438
B-bronchiolo-alveolar adencma i 13 120§ 3 i
Vibronchioloalveolar carci 173 40 | i
Manmary gland No.Esam 13862 : -
Mammary gland: epithelial thmours H 00 4 4900 00 00 132
B-adenoma 1o
B-fibroadenoma H .
M-adenocercinonia i o
Nasal cavity No, Exam: 192 188% i
B-adenoma ;1 0 1 235 O 00 90 08 00 0b
B-ossifying fibroma P01 .0 64 1 65:00 00 08 08
Ocsophags No.Exam: 931 987" f
Meiontyozarcoma 1 H 1 61 1 01 00 10 00 07
é. Studies Combined | MinirumMaximum
Incidence of Range across individuat
- individusl * Tumour/merge categery studies
: fumours Ticidence {0%)
M M F F
Tissue Merge category / ftmour type M F:M F:M % F % {Min Max Min M
Oral cavity No.Exame 2 3 : -
B-squamous cell papiiloma 1 i 1 er 1 41 006 10 00 07
M-malignant odentogenic tumour 6 i 0 @0 1 01:00 00 00 14
Ovary No.Exa. - 882
B-cystadenoma - - - 9 10 - - 00 43
B-leiomyoma .- 1 - - 1 o1, - - 00 14
Ovary: sex cord/stromal tumnoers : - - 31 - - 08 101
B.benign gramulosa cell tumour .3 :
B-benign luteoma Do. 7
B-benign sex cord stromal hunour e 2
B-benign thecoma io- 2
B-tebulostrontal adenoma :o- 10
M-malignant granwlosa cell amour - 1
Pancreas No. Exan: 932 080
Panereas: islet cell turours H 5_ 05 6 06:00 26 00 29
B-islet czll adenoma 4 3 B
Meislet cell corcinoma 1 i
H Studies Combined i Mininmmdfaxinum
:Incidence of Ranga across mdividual
: individual Tumowrmerge categery studies
Ionmours Incidence (%%)
' ‘M M F F
Tissue Merge categary f umour rype M F:M F:M 2% F % iMan Max Mn Max
Penis No. Examr 31 -
3-bazel cell carcinoma 1 - 1 32 . - B0 07 - -
Pituitary No. Exanx: 919 973
B-adenoma 4 04 04 33 23 00 20 07 88
Prostate No.Exam: 930 -
Prostate: ndenoina/carcinoma Y - .00 o . -
B-zdenoraa 1 - '
Meadenccarcinoma 1 -
Seminral vesicle No.Exaer 921 -
B.adenoma 1 -1 e - - 100 08 - -
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Eay ’ +
H Studies Combined i MinfumMaxion
iIncidence of . . Range across individual
¢ individual Tumowr‘merge category studies
i fumours Tncidence . (%)
H IM M F F
Tissue Merge category ¢ hunour fype M FiIM FI!IM % F % ‘Mo M Mn Max
Skin‘appendage No.Exany: 933 987!
Skin + subcutis B-cebaceous cell adenoma C t 1 g1 1 0100 L0 00 07
Tail B-neurofibroma 0 t:0 090 1 01:00 00 00 07
Tail M-leiomyosarcoma 0 10 a0 1 01 00 00 00 08
Tail M-malignant histiocytoma . 0 1 ;0 00 1 01.08 00 00 10
Skin/appendage: sq cell i 3 63 5 635:08 10 60 15
Ear M-squamous cell carcinoma 1 0 -: 1
Footlez B-squamous cell papillona 1 L '
Skin + subcutis B-benign hair fellicle fumour 0 b i
Skin + subcutis B-keratoacanthoma 1 0 i H
Skin + subcutis B-wichoepithelioma 0 1 |
Skin + subcutis M-sq cell carci . 0 2 R
Skin/appendage: osteogeric tumonrs : 4 04 1 01:00 10 00 07
Footlez M-osteosarcoma [ [N
Skin + subcutis M. i3 1
Skin/appendace: fibroblastic tumours : P15 16 12 12100 33 00 33
Foovleg M-sarcoma - 10s i1 i
Skin + subcutis M-fibrosarcoma , 4 2 ;
Skin + subcutis M-malignani fibrous histiocytoma il ? :
Skin + subcutis M-sarcoma - nos e 2
H Studies Combined | MininumMeaxinem
:Incidence of: Range across individual
: individual = Tumour/merge category studies
. hoows Incidence {%%)
. ‘M M F F
Tissue Merge catezory  funowr fype M F:M F!:M % F in Max Min Max
Skin/appeudage: basal cell tumours L1 2 16 00 10
Skin + subentis B-benizn basal cell mour [
Skin + subentis M-malignant basal cell tumonr D 2
Skin/appendage: Lip fu : .1 0 1 61,00 L5 00 14
Skin -+ subcutis B-lipoma ) t :
Skin + subcufis M-liposarcoma 1 [ R
Stomach , No.Exam: 900 9671 i
B.ad : 3 :1 61 3 063:00 09 00 15
Stemach: squamous cell tnmeours 2 62 4 0400 135 00 13
B-squamous cell papilloma 1 3
M-squamous cel] carcinoma 1 i .
Testis } No.Exam: 934 -
B-intersiitial cell adencira 17 - 17 18 . - 00 45 - -
B-rete restis adenoma 1 - 1 81 - - .08 07 - -
M-nalignan: schwammona 1 - 1 a1 - - 00 08 - -
M-sarcoma 1 - 1 a1 - - 08 14 - -

APPEARS THIS WAY
ON ORIGINAL

209



Reviewer: Kathleen Young, Ph.D. NDA No. 22-304
H Sindies Combined i MinfmumMazximum
iIncidence of Range across individual
: individual - Tumour/marge category studies
i mowrs Incidence : (9%)

. . ‘M M F F

Tissue Merge category / fumow §ype M F:M T'M % F % !Min Max Min Max

Thymms No.Exany: 864 933 i

Thymus: epithelial tumonrs {2 02 3 03700 30 00 31
B-benign thymoma 1 3
M-malignant thymoma 1 0
Thyroid No.Exam: 926 983 ° ¢
B-follicular cell adenoma . 3 1 S 05 1 01,08 20 090 10

Tongne No. Exare. 512_315 ;

Tongue; sq cell tumours 4 08 3 846300 20 00 13
B-squamous cell papillonia 42 ]
M-squamous cell carcinoma o 1
Urinary bladder ; No. Exan: 926 675 | .
B.transitional cell papilloma 20 2 02 0 60 08 05 00 00
H Studies Combined { MininumMasinum
:Incidence of Range acvoss individual
¢ individual - Tumouriuerge category studies
© fmours Incidence (9%)
‘M M F F
Tissne Merge catezory / fumowr iype M F: M Fi!M % F % Mo Max Mo Mx
Trerus No Faam - 899
B-histiocytoma Co- - - 1 01 - - 00 10
M-malignant schwanmoma - - - 1 01: - - 00 14
Uterns + cervix: adenomal/carcinoma - - 4 05 - - 00 1s
B-adenoma - 1
M-adenocarcinonz - 2
M-carcinosarcoma - H
Uterus + cervix: stromal temours s - 2 59 - - 13 176
B-¢romal polyp - A8 )
M-siromal sarcoma - 4
Uterus + cexvic: smooth muscle tumoms L - - 37 42 - - L7 78
B-leionryoma - 28
M-leiomyosarcoma - 9
Vagina No.Esam: - 878
B-leionyoma P 2 - - 020 . - 60 17
B-stromal polyp -2 - - 202 - - 00 18
Studies Combined | MinipmmMasi
iIncidence of - Range across individual
: jndividual Tumowr‘merge category studies
i mmours Incidence (%%)
) ‘M M F F

Fissue Merge category ¢ ammow wype M FiM F M % F % iMn Mox Min Ma

3inod vewel tamours No. Examz 035 98 W 47 0 41 10 95 00 32

Abdeminal cavity B-haemangion : : :

Zar B-haemangioma

Teunw = marrow
TEnmE — marow
“oozlez

Tejumms

Kidney

—iver

Ziver

Zymph node
~fesenteric hmph nods
sasenteric mph node
~Huscle

Jvary

Skin - zubcutis

Spleen

Spleen

Stermuns + marrow

B-haemangioma
M-haemangiosarcoma
B-haemangioma
B-hzemangioma
B-haemangionta
B-haemangiona
M-haemangiotarcoma
B-haemangioma
B-haemangioma
M-bazmangiosarcoma
B-heemangioma
B-hasmangioma
B-haemangioma
B-haemangioma
A-hasmengiosarconma
B-haemangioma
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H Smdies Contbined { MininmMasinm
iIucidence of . * Range across individual
+ individual * Tumowrmerge category - studies
{ pmours Incidence . {%6)

M M F F

Tissue Merge category / fumonr ivpe M F: M F!M % F % ‘Min Max Min Max

Blood vessel tumours  contintted

Tail B-haemangioma o1

Testis B-haemangioma 30

Urinary bladder B-haenongioma R

Uterus B-haemangioma o 7.

Histiorytic sarcoma o Exam 055 08 | 79 10 35 3508 30 10 78

Abdoniinal cavity M-histocytic sarcoma ) 2 H

Connactive tissue M-histiocytic sarcona R I

Epididymis M.histiocytic sarcoma 2 1.

Foollleg M-histioeytic sarcoma 1 0

Liver M-histiocytic sarcoma 3 4 .

Skin + subcutis M-histiocytic sarcoma R I T

Tail M-histiocytic sarcoma 1 0

Thoracic cavity M-hisdocytic sarcoma 3 ]

Uterus M-bisdocytic sarcoma - 23
: Studies Combined §  MininmmMaximum
:Incidence of . Range acyoss individual
i individual - Tumourimerge category studies
I homours . Tncidence : (%)

iM M F F

Tissue Marge category  stunowr type M F:M F!M % F % :Mn Mix Mn Max
i i

Osteogenic tnmours No.Exanr: 935 987 11 12 14 14,00 59 07 29

Abdominal cavity M-osteosarcona HERE :

Bone B-osteomz LY 3

Fermr + marrow B-osteoma .3 3

Spinal cord M-maalignant osteosarcoma FL I

Bone M-osteosarcoma [ I S

Comective tissue M-osteosarconla 1 e

Duodenum -osteosarcoma R

Tail M-osteosarcoma [ S

Toxicokinetics: There was a dose-related increase in exposure (Cmax and AUC), but no
change in exposure with increased duration of treatment from Weeks 4-26. There were
no statistically significant increases in systemic exposure in the animals that received
dose escalation from 200-300 mg/kg/day, in- Week 16 compared to mice given 200
mg/kg/day for 26 weeks. The Tmax was 0.25-0.5 hour across dose groups. There were
no gender-related differences in the toxicokinetic findings. No test article was found in -
the control vehicle-treated group. The results of the toxicokinetic evaluation are
presented in the following table (provided from the original NDA submission):
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Mean eprsure data as average Cpuy and AUCy, values (= SD) of CG5503 base:

Dose Time Coax AUCY
[me/ke/day] | [Week] [ng/mlL] [hrng/mL}
Male Female Male Female
4 148 = 24 256 =20 144 £ 3 180 = 19
50 13 150 =45 206 £ 28 148 £ 40 201 £ 7
26 114 = 11 205 = 47 145 £ 76 164 .+ 23
all weeks 137 =31 253 £ 49 146 + 43 182 + 23
4 472 =290 353 + 149 315 + 35 310 + 93
100 13 490 = 332 265 £ 79 439 + 163 201 + 56
26 467 = 126 238 £ 75 315 £26 254 = 58
all weeks 477 =229 285 £+ 106 356 £ 107 285 £ 66
4 758 =130 252 + 63 674 = 66 525 + 205
200 13 1117 = 030 414 *+ 146 874 + 254 534 + 135
26 828 = 382 610 £ 200 763 £ 286 633 = 190
all weeks 001 = 333 A 425 + 201 770 + 213 564 = 164

Y t=35, 8 or 24 hours depending on dose and treatment week

There was a dose-related increase in exposure (Cmax and AUC) to the glucuronide
metabolite. No accumulation was observed; no changes in exposure were found with
increasing duration of treatment, from Weeks 4 to 26. The Tmax for the metabolite was
observed at 0.25-0.5 hour after dosing, across dose groups. No metabolite was found in
the vehicle control groups. However, exposure to the metabolite was greater (factor 1.5-
1.7) in the male than in the female mice. No increase in Cmax (males and females) and
AUC (males) was found between the mice that received dose escalation from 200 to 300
mg/kg/day CG5502, compared to the mice given 200 mg/kg/day for 26 weeks. The
AUCO-24 was higher in the females that received 300 mg/kg/day when compared to
female mice that received 200 mg/kg/day in Week 16, however. The results of the
toxicokinetic evaluation on CG5503 glucuronide are presented in the following table
(provided from the original NDA submission):

APPEARS THIS WAY
ON ORIGINAL
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Dose Time Cruax AUCo.24n
[mg/ke/day] | [Week] [ng/ml} [hrng/ml]
Male Female Male Female
4 38429 = 10364 | 22152 = 650 44242 + 9907 25241 * 3185
50 13 39335 + 4336 25433 = 6327 47750 = 5234 29395 + 1021
26 34907 = 3823 23489 = 4257 46188 = 1872 29046 £ 3441
all weeks 37557 i}6270 23692 = 4085 46060 = 5880 27894 x 3121
4 39772 + 6133 31633 = 4298 38561 = 3473 49646 + 4972
100 13 60944 £ 8700 24532 = 3281 08083 = 15901 | 52185 + 11652
26 48626 = 4243 22580 = 2283 82053 = 12839 | 59234 + 1406
all weeks 49780 % 1_0846 26248 + 5063 79365 £ 20094 | 53688 = 7689
4 60858 + 2250 32650 = 11519 1165932 = 21625 [110405 + 25368
200 13 69977 = 14790 | 25087 = 2578 |160099 = 16408 | 79955 =+ 11120
26 57553 £ 10539 | 34686 = 11171 [177921 = 22514 100115 + 19481
all weeks 62796 + 10713 | 30808 = 9231 |167984 = 19310 | 96825 + 21601

Discussion: A High Dose subgroup was titrated upward to 300 mg/kg/day after 13
weeks dosing at 200 mg/kg/day, following Executive CAC recommendations (See
minutes of ExecCAC meeting of December 9“’, 2003, Fax to the Sponsor of December
11, 2003), due to anticipated development of exposure development and tolerance.
However, excessive mortality was observed (See IND 61,345 SN 004, August 18, 2004)
in the 300 mg/kg/day group, and the dose was reduced to 200 mg/kg/day, following
Agency recommendations (see Memo to File IND 61,345, SN109, January 20, 2006).
The following mortality was observed in Weeks 1-19 (table provided from the original

NDA submission):
Group 1 2 3 4 5
Controls 50 100 200 200 300
mg/kg/day | mg/kg/day | mg/kg/day | mg/kg/day | mg/kg/day
Weeks 1-19 1-19 ©1-19 1-19 1-13 14-19
Males 0 0 1 0 7 5
Females 3 0 1 3 1 12
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Study title: CG5503: 104-Week Oncqgenicity (Feeding) Study in the Rat

Key study findings:

¢ Tapentadol can be considered negative for carcinogenic potential by daily oral
(dietary) administration for 104 weeks at doses of up to 250 mg/kg/day in Wistar
rats, under the conditions of this study

e Decreased body weights and body weight gains in the HD males (15% and -19%,
respectively) and females (-15% and -18%, respectively) compared to negative
controls at the end of the study

» Treatment-related hepatocellular hypertrophy in male and female rats at 125 and
250 mg/kg/day _

e Agency statistical analyses detected positive trends in the incidence in female rats
in liver hepatocellular adenoma (p<0.025, incidence 0/100, 0/50, 0/50, 1/50 and
2/50 at 0, 10, 50, 125, and 250 mg/kg/day, respectively) with incidence of 2% and
4% at the mid- and high dose.

» Historical control incidence for the laboratory in female rats for hepatocellular
adenoma is 2.74% (range 0.005-10.20%), and for thymic lymphoma is 0.29%
(range 0.00-8.51%) .

o There was a statistically significant dose response for increased liver adenomas +
carcinomas in the female rats, but no statistically significant increases over
controls in pairwise comparisons.

¢ The NOAEL and highest dose evaluated, 250 mg/kg/day (AUCp.24 = 328 ng.h/ml
in males and 1349 ng.h/ml in females), represents exposure of approximately 0.7
times in the males and 2.7 times in females the clinical exposure to the parent
drug at the proposed MRHD of 600 mg/day (clinical AUC = 500 ng.h/ml).

e Exposure to the metabolite tapentadol O-glucuronide at the highest dose tested
represented approximately 27 times the exposure to the metabolite at the clinical .
MRHD, on an AUC basis.

Adequacy of the carcinogenicity study and appropriateness of the test model: The 2-year
carcinogenicity study on tapentadol in SPF Wistar rats was conducted under GLP,
received proper quality assurance inspections, and used an appropriate test model with
adequate number of animals evaluated per dose. However, the animal caging, in groups
of five instead of singly in this dietary study, was substandard, and may have contributed
to the high variability in tapentado] exposure observed in the toxicokinetic analyses. The
Standard parameters were measured, at appropriate time intervals. The oral (ad libitum
dietary) route of administration was used in agreement with the proposed indication for
oral clinical treatment, and the vehicle (commercial standard, pelleted rat maintenance
diet) was appropriate. The doses were supported by previous 13-week dose selection
study results, and received concurrence by the ExecCAC. Appropriate dual negative
control groups were used. Survival was sufficient, with historically normal mortality
incidences for this species and strain, to detect potential pre-, non-, and neoplastic
changes in the histopathology examinations following 104 weeks of treatment. All
animals including the premature sacrifices and rats found dead, with the exception of 1
MDM and 1 HDF, were examined microscopically. No peer histopathology examination
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was conducted. For comparisons in this review, historical control values are presented.
Toxicokinetic evaluation of systemic exposure to the parent drug and main glucuronide
metabolite was conducted in an appropriate number of satellite animals, and the results
demonstrated adequate exposure to both agents were submitted with the study report.

Evaluation of tumor findings: There were no treatment-related increases in neoplastic
lesions observed at any dose level compared to controls values and exceeding historical
control range for the laboratory. There was a trend toward increased hepatocellular
adenomas (2/49 compared to 0/50 in each of the female control groups) and uterine
adenomas (2/49 compared to 0/50 in one and 1/50 in the other female control group)
were observed in the HDF (incidence ~ 4% each in the HDF compared to 1.82% in the
controls). Also, there was one additional hepatocellular carcinoma in the HDM (2/50)
compared to control males (1/50 in each control group). There was a statistically
significant dose response for increased liver adenomas + carcinomas in the female rats,
but no statistically significant increases over controls in pairwise comparisons.

Agency statistical analyses also detected positive trends in the incidence in female rats in
liver hepatocellular adenoma (p<0.025, incidence 0/100, 0/50, 0/50, 1/50 and 2/50 at 0,
10, 50, 125, and 250 mg/kg/day, respectively). Historical control data suggested that the
tumor incidences are within the background for the strain in this laboratory.

There was an increased incidence of centrilobular hepatocellular hypertrophy in the high
mid-dose (125 mg/kg/d) and high-dose (250 mg/kg/d) males and females. Also,
increased thyroid follicular cell hypertrophy and focal follicular hyperplasia were
observed in the high-dose females, compared to controls. In agreement with the
Sponsor, the treatment-related non-neoplastic findings in the liver and thyroid are
probably secondary to adaptive responses associated with treatment-related increased
hepatic metabolic enzyme activities.

In conclusion, tapentadol can be considered to be negative for carcinogenicity in Wistar
rats, under the conditions of this study. The highest dose tested represented
approximately 0.7 times in the males and 2.7 times in the females the clinical exposure to
the parent drug and approximately 27 times the exposure to the glucuronide metabolite in
the males and females combined, at the MRHD of 600 mg/day tapentadol, on an AUC
basis.

Study ne.: TP2418
Conducting laboratory and location:

N
b(4)

. _

Date of study initiation: April 30, 2002
GLP compliance: Yes
QA report: yes(x) no ()
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Drug CG5503 (tapentadol), lot # (Batch #s) CEWS 140, CEWS 113, CEWS 143, CEWS
112, CEWS 155, and E0001/100, and % purity: 97.7%, 97.7%, 97.5%, 97.9%, 97.6%,
and 101.1%, respectively :

CAC concurrence: Yes

Methods
Doses: 0 (dual control groups received identical feed without test article), 10, 50,
125, and 250 mg/kg/day hydrochloride salt form

Basis of dose selection: Maximum tolerated dose (MTD); the resulis of a
preliminary study in male and female Wistar rats at doses of 250-1000 mg/kg/day PO for
13 weeks showed decreased body weights (BW) in the males and reduced body weight
gains (BWG) in males at all doses and in the females at 500 and 1000 mg/kg/day. Target
organ toxicity was observed in the liver, indicated by hepatocellular hypertrophy in the
males and females and increased gamma-glutamyltransferase (G-GT) in the males at 500
and 1000 mg/kg/day. The MTD level for the 2-year carcinogenicity study was based on
slightly greater than 10% decrease in BWG in the males at 250 mg/kg/day in the absence
of target organ toxicity, and the incidence of hepatocellular hypertrophy at 500
mg/kg/day in the females. The doses used in the pivotal carcinogenicity study received
concurrence from the ExecCAC (meeting of January 22, 2002). -

~ Species/strain:C_ _/Wistar (SPF) rats ((_ J
c | |
Number/sex/group (main study): 50/sex/group; the group assignments are
presented in the following table (provided from the original NDA submission):

Allocation Group 1* Group 2* Group 3 Group 4 Group 5 Group 6

And Target 0 0 10 50 125 230
Dose Levels mg/kg/day mg/kg/day mgkg/day mg/kg/day mg/kg/day mg/kg/day »
Males A 130 61-110 121-170 181-230 241-290 301-350
Males B 51-60 111-120 171-180 231-240 291-300 351-360
Females A 361-410 421-470 481-530 541-590 601-650 661-710
Females B 411-420 471-480 531-340 591-600 651-660 711-720

A = Oncogenicity Animals
B = Plasma Level Animals
* Control animals recerved pelleted control diet without the test item

Route, formulation, volume: Test article mixed into pelleted standard rat
maintenance diet, administered by feeding ad libitum

Frequency of dosing: Ad libitum in feed _

Satellite groups used for toxicokinetics or special groups: 10/sex/group TK

Age: 4 weeks at initiation of dosing

Weights: 60.9-88.6 g males and 54.0-82.3 g females at initiation of dosing

Animal housing: The rats were housed 5/cage { ~Jtype-4 with sterilized
standard softwood bedding) in an AAALAC-approved laboratory under Swiss Animal
Protection Law (license No. 41); temperature 22 * 3 deg.C, relative humidity 30%-70%,
10-15 air changes/hour, 12 hour light/dark cycle
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. Restriction paradigm for dietary restriction studies: None; Standard pelleted
I rat maintenance diet and water provided ad lzbztum (feed batches analyzed to
confirm contaminant-free)

Drug stability/homogeneity: Content and homogeneity analyzed at first feed
and at 3-month intervals; achieved doses were 99.5%-100.6% target doses during the
dosing period; no test article found in the control feed batches; test article admixed with
the feed weekly up to Week 13, and every 2 weeks from Week 14 to end of dosing period

Dual controls employed: Yes

Interim sacrifices: None

Deviations from original study protocol: No tissues available for
histopathology examination from Animals 248 (125 mg/kg/d M) and 705 (250 mg/kg/d
F) due to cannibalism following spontaneous deaths.

Observation times

Mortality: Twice daily

Clinical signs: Once daily

Body weights: Weekly to Week 13, then every 2 weeks until end of 104-week dosing
period

Food consumption: Weekly to Week 13, then every 2 weeks until end of 104-week
_dosing period

Hematology: Non-fasted rats (allocation A animals) received blood draws from retro-
orbital plexus at end of treatment (Week 104) '

Gross necropsy: All moribund and surviving (104 weeks treatment) animals were
examined macroscopically for abnormalities

Histopathology: Peer review: yes ( ), no ( x): The following tissues from all rats that
died spontaneously, were terminated in extremis, and that survived to the end of the study
were embedded, cut to 2-4 micrometers, stained with haematoxylin and eosin, and
examined from all moribund and surviving (104 weeks treatment) animals: adrenal
glands, aorta, auricles, bone (sternum and femur including joint), bone marrow, brain
(medulla/pons, cerebral and cerebellar cortex), cecum, colon, duodenum, epididymides
(fixed in Bouin’s solution), esophagus, eyes with optic nerve (fixed in Davidson’s
solution), Harderian gland (fixed in Davidson’s solution), head, heart, ileum, jejunum,
kidneys, larynx, lacrimal gland (exorbital), liver, lungs (formalin filled at necropsy),
lymph nodes (mesenteric, mandibular), mammary glands, nasal cavity, ovaries, pancreas,
pharynx, pituitary gland, prostate gland, rectum, salivary glands (mandibular, sublingual),
sciatic nerve, seminal vesicles, skeletal muscle, skin, spinal cord (cervical, mid-thoracic,
lumbar), spleen, stomach, testes (fixed in Bouin’s solution), thymus, thyroid including
parathyroid gland, tongue, trachea, urinary bladder (formalin filled at necropsy), uterus
with cervix, vagina, Zymbal’s gland, and gross lesions and tissue masses
Toxicokinetics: Blood samples (0.6-0.7 ml) collected (Allocation B animals) from the
retro-orbital plexus in Weeks 4, 13, and 26

Results

Mortality: Survival was adequate at the end of the dosing period for valid statistical
evaluation of the parameters examined. The deaths during the study (found dead and
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sacrificed in extremis) and survival (percent) at the end of the dosing period are presented

in the following table (provided from the original NDA submission):

Daily dose (mgikg)
Sex
Number of animals
At start
Died or sacrificed moriband
Terminal sacrifice
Survival (%)

O (Control)

E

50
15
35
70

Q (Control)

50
14
36
n

E

© 30

13
3s
70

Clinical signs: No treatment-related effects

30
17
33
66

10

50
14
36
n

M

50
16
34
68

30

50
13
37
Il

M E
50 50
15 13
35 37
70 74

M E
50 50
12 11
38 39
76 78

Body weights: Statistically significant reduction in BW in HD (250 mg/kg/d) males
from week 16 onward and HD females from week 7 onward to the end of the dosing
period. Statistically significant reduction in BWG in the HD males from week 11 onward
and HD females from week 34 onward to the end of the dosing period.

The results of the body weight and body weight gain observations at the end of the study
are presented in the following table (provided from the original NDA submlssmn, percent
change from Group 1 controls):

Week 104 - Group (mg/kg/d)

Sex 1 2 3(LD) 4(MD1) | 5(MD2) 6 (HD)

©) ©) (10) (50 (125) (250)

Body Weight M -4.2% +4.1% -0.7% -1.9%** | -14.8%**
(% difference from F Reference | +3.8% +1.6% -6.9% -7.6%** | -15.4%**
controls)
Body Weight Gain M -5.8% +1.3% +0.9% -4.9% -19%**
(% difference from F Reference | +6.9% +4.6% -7.4% -8.9% -18%**
controls)

**significant at p<0.01

Food consumption: No treatment-related effects in the males; HD (250 mg/kg/day) F
showed increased mean absolute food consumption from Weeks 24-38 compared to
controls. At the end of the study, food consumption was increased 20.0% in the males

and females at the HD (statistically significant at p<0.01). The increase in food
consumption may have resulted in higher doses than reported, in these animals.

Hematology: No treatment-related effects

Gross pathology: No treatment-related effects, including nodules and masses

Histopathology:

Non-neoplastic:
» Statistically significant increase compared to controls in centrilobular
hepatocellular hypertrophy in the MD2 (125 mg/kg/d) M (incidence 24/49) and F
(34/50), and in the HD (250 mg/kg/d) M (45/50) and F (43/49) ‘
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® Increased follicular cell hypertrophy and focal follicular hyperplasia in the HD F,
when compared with the combined dual control group incidence, attributed to
enhanced liver enzyme activities and hypertrophy, by the Sponsor

¢ The non-neoplastic hepatic effects are probably secondary to adaptive response
associated with treatment-related liver enzyme activities, in agreement with the
Sponsor

The noteworthy findings in the histopathology examination for non-neoplastic lesions are
presented in the following table (provided from the original NDA submission):

Daily dose (mg/kg) 8 (Control) 0 {Control) 19 S0 125 250
Sex M B M E M E M E M E M E
‘Histopathology — non-neoplastic lesions
Liver - 10. evalnated 50 50 50 30 50 50 50 49 49 50 50 49
Centrilobular hepatoceliutar
hypertropby - - - . - - - . e 348 25ux 430
Thyroid 50 49 50 48 50 49 50 46 49 49 30 49
follicular cell bypertrophy 6 15 10 1 pl 10 13 17 22 18 30 232+
focal celi hyperplasia 7 1 4 1 3 2 6 1 2 3 5 T

*% significent at p < 0.005

Neoplastic: No statistically significant treatment-related effects, although
Agency statistical analyses revealed positive trends in the incidence in female rats in liver
hepatocellular adenoma (p<0.025, incidence 0/100, 0/50, 0/50, 1/50 and 2/50 at 0, 10, 50,
125, and 250 mg/kg/day, respectively). The results of the histopathology examination for
neoplastic lesions are presented in the following table (provided from the original NDA
submission): ' :

Nusaber of animats with neoplastic lesions;

Daily dose (mg/kg) S(Conirold D (Coniepld 10 30 125 220
Sex M E . OE M E M. E M E M E

Hemolymphoret. system )
no. evaluated 2 13 3 1 - 2 3 1 - -
maligaant lymphoma 1 - 3 1 - 2 2 - 1 - -
histiocytic sarcoma 1 1 1 - - - - 1 - . -

Heart - no. evaluated 49 50 50 49 50 50 50 47 19 a3 50 49
malignamt atriocaval
mesothelioma - - - - - - - i -
mezastasis ofcmc.imnu - . 1 - - - - - - 1 - -

Liver ~ no. evaluared 50 50 50 50 i 50 50 49 49 - 50 30 49
hemangioma - 1 - . - - - -
hepatocelinlar adenoma - - - - - - 1 2
hepatocellular carcinoma 1 - 1 - - - - - 1 1 2 -
meatastasis fo carcinema - - - - - - - 1 - 2 - -

Spleen —ac. evatuated . 30 49 50 50 30 50 50° 49 49 19 30 49
Jeiomycma 1 - - - 1 - - - -
hemangiosarcoma - - - - - i - . -
contact mesassis - - 1 - -
memsiasis of carciooma - - - - - - - 1 .
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Daily dose (mgrkp)
Sex

Mesentesic lymph sode—
50, evaluated

bemangiomn
hemangiosarcoma
mefastasis of carcinoma

Kidneys — ao. evaluated
senal fipoma
tubular cel) adenoma
tubular cell carcinoma
wmesenchymal tumor
metastasis of carcinoma

Stomach — 1o, evaluared
contact metastasis
Jeiomyosarcoma

Lung —po. evalonted
metastasis of earcinoma
metastasis of sarcoma

Daily dose (mg/kg)
Sex
Thymus — g0, evatvated
benign thymoma
thymic lymphoma
metastasis of carcinoma
Testes —no. evaluated
benign Leydig cell umor
benign mesolthelioma
Ovaries - no_ evaluated
sex cord stromal tuntor
benign thecoma
‘benign granulosa ceit tomer
contact metastasis
Epididymids —no. evaluated
benign mesothelioma
Paacreas — no. evaluated
islet cell adenoma
mixed acinor cef] adenoma
contact metastasis
island cell carcinoma

Daily dose (mg/ke)
Sex

Thyroid gland ~ 0, evaluated
C-cell adenoma
C-cell carcinoma
follicular cell adenoma
follicular celf carcigoma

Adrenal cortices — 0o. evaluated
adenoma
adencearcinoma
matastasis of carcinoma

Adrenal medullas — no. evaluated
benign pheochromocytoma
malignaot pheochromacytoma

$kin non-routine - no. evaluated
fibrosarcoma
keratoacaathioma
osteosarcoma
tipenta
fibromsa
squamous cell carcinema
basal cell carcinoma
sebaceous cell adenoma
malignant schwannoma

0 (Conirol
M. E
50 49
2 [}
9 50
1 -
1 -
19 49
3 -
49 49
1 -
9 (Contpl)

M: E
49 49
1 -
2 1
49
1

49
1

49
47 50
- 1°
0 (Contro,
M. E
50 49
3 5
2 1
49 50
1 -
48 50
2 1
8 1
- 1
1 -
1 -
1 -

0 (Control
M E
50 50

1 -
1 _
50 50
1 -
30 50
1 N
50 49
1 .
- 1
0 (Control]
M E
50 48
- 2
5o
1
t

48
50
1
49 49
2 -
1 .

0 (Centrol)
M K
50 48
2 2
- 1
1 -
50 50
50 50
1 1
8 7
1 3
3 1
1 -
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125 250
E M E
48 50 49
1 - -

1 - -
19 50 1
1 - .

. - 1
- . 1
1 . .
18 50 49
1 1 -
48 50 49
1 1 .

125 250
E M E
48 50 19
2 - 3
3 - 1
1 - 1
50
48 49
2 1
- 1
1 .
50
18 50 10
3 1 -
1 - -
1 - -
125 250
E M pA
19 50 19
3 3 7
1 . .
1 3 R
- 1 -
49 50 19
1 .
2 . .
49 50 49
1 - -
3 ? 3
. 1 .
1 i -
1 - .
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Daily dose (mg/kg) 8 {Conirol) 0 (Control! 10 50 125 250
Sex . M 199 M E M E M & M E M E
Cerebrum ~ 0. evaloated 50 50 50 49 30 50 50 49 49 50 50 30
meningionta - - - - - - - - - - 1 1
granulor cell tumor - - - - - - 1 - - - 1 -
ependymoma - - - 1 - 1 - - - . - -
Cerebrellum — 110, evaiuated 50 50 30 49 50 50 50 49 50
‘benign astrocytoma - - 1 - - - - - - - - -
menangiona - - - - - - - - - - 1 -
Seminal vesicles — ao. evaluated 50 50 50 50 . 49 50
leiomyosarcoma - - - - 1 -
contact metastasis - 1 - - - -
Pituitary gland — no. evaluared 50 50 50 50 48 50
ganglioneusomn {pars nervosa) - - - 1 - 1
adenonia of pars distalis 13 16 19 20 23 16
Mammary gland 50 50 50 50 50 a9
mamntary fibrosa 2 3 ' 1 1 4 1
fibroadenoma 11 9 8 8 7 9
adenoma 1 1 3 1 4 2
adenocarcinoma 3 1 2 7 1 3
Clitorial gland - - . 1 . .
adesoma - - . 1 -
Daily dose (mg/kg) 9 (Confrol} 0 (Control) 18 0 125 250
Sex M E M E M E M E M E Mo E
Uterus. no. examined 50 50 49 49 49 29
glandular polyp 1 - - - - 1
endometrinl-stromal polyp [ 7o 3 4 2 9
eranvlar cell tmor - - - 1 - 1
squamons celt fumer - - - ) - 1 -
hemangioma . 1 - - - 1 -
odenoma - 1 - - - 2
lefoma - - - 1 - -
leiomycsarcoma 1 - - - - 1
adenccarcinoma 1 - - 2 1 2
endomeial-stromal sarcoma - 1 1 - 1 -
contact metastasis . - - - - 1 -
Cervix- no, examined . 50 49 49 48 40 49
fibroma
- Jeiomiyoma
gragular cell tumer
comtact metastasis
stroma] cell carcinoma
Daily dose (mg/keg] 9 {Control} 0 (Control) 1o ’ 50 25 250
Sex M E M E M E M E M E AL E
Vogina- 0. examined 50 49 49 48 19 49
leiomyoma ' - - - 1 - - .
contact nietasiasis 1 1 - - - -
merastasis of sarcomn - - - - - 1
adencma polyp - 1 - “ - -
granular cell tmer - - - . 1 - -
Iliac lymph node — 0o. evaluated - 1 - - - 1
bemangioma - 1 - - - -
Cervieal lvmph aode — no. evalated 1 - - - - .
metasacds of sarcoma 1 -, - - - .
Parannsal sinnses - 1 - - - .
beuign schwangonia - 1 - . - .

Historical control data for the notable neoplastic findings are presented below for
comparison (provided from the original NDA submission):
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